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‘s'E IMPORTANCE OF ATELECTASIS IN PULMONARY 
TUBERCULOSIS 


lt Bo ctloa to Fibrosis and to the Pathogenesis and Healing of Tuberculous 
Cavities!” 


POL. N. CORYLLOS 


Atelectasis of the lung, both lobar and lobular, is a frequent complica- 
tion in the course of tuberculosis. Jacobaeus (19), Packard (33), Farris 
(11), Lloyd (27), Gatterdam (i4), Hennell (18), Stoloff (42), Korol (24), 
Glenn (15), and others have recently reported a considerable number of 
such cases and have presented a thorough study of the clinical symptoms, 
the radiographic findings, and the development of various clinical forms. 
This part of the question needs no further discussion. 

It is of greater importance that the student of atelectasis in tuber- 
culosis does not deem this complication a rare pathological curiosity. On 
the contrary, it becomes more and more apparent that atelectasis is an 
almost constant phase in the evolution of tuberculosis and an important 
factor in its development. Both clinical and experimental evidence in- 
dicates that the course of pulmonary tuberculosis, both clinically and 
pathologically, is greatly influenced by the development of fibrous tissue 
and the production of the so-called fibrotic phthisis. On the other hand, 
there is evidence that atelectasis is, in itself, an important factor in the 
production of fibrosis. Instead of being merely the result of fibrous 
retraction of the lung and the subsequent bronchial stenosis, atelectasis 
may actually be an important iactor in the production of fibrosis in 
tuberculosis. 

Previous experimental and clinical investigations, carried on with 
Dr. Birnbaum (8) (9), have shown that atelectasis, whatever its form, 
massive, lobar or lobular, temporary or permanent, septic or aseptic, is 
always due to some form of bronchial obstruction. It has been further 
shown that atelectasis is produced by the absorption of the gases con- 


1 From the Tuberculosis Services of the Metropolitan and Seaview Hospitals of the City 
of New York. 

2 Read at the twenty-eighth annual meeting of the National Tuberculosis Ass: ciation, 
Colorado Springs, Colorado, June 7, 1932. 
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tained in that portion of the lung corresponding to the obstructed bron- 
chus. This absorption is caused and directed by the physical laws 
regulating gas-exchanges in the lung, which is after all the phys- 
iological mechanism which makes respiration possible. In view of these 
facts it has been interesting to investigate further the mechanism of 
atelectasis and its significance in tuberculosis. This study was carried 
out on the tuberculosis services of Metropolitan and Seaview Hospitals 
of the City of New York. 

This investigation led to interesting and unforseen developments. It 
showed the close relation between tuberculous bronchial lesions and the 
frequent occurrence of atelectasis and emphysema in tuberculosis. In 
addition, it threw a new light on the obscure question of the production 
and evolution of tuberculous cavities, and on the mechanism of the cure 
of cavities and of the disease itself, whether spontaneously or following 
collapse therapy. 

A number of the conclusions in this work may appear rather revolu- 
tionary and in conflict with generally admitted conceptions and theories. 
This however cannot invalidate the conclusions, so long as they are 
based on sound clinical and experimental evidence and so long as the 
phenomena related to them, without ever contradicting these conclu- 
sions, can be satisfactorily explained by them. 

For the explanation of the pathological changes in: the lung, we find 
more complicated and physiologically unsound theories than for those of 
any other organ. We seem to have disregarded the fact that the lung is 
the organ of gas-exchanges, which are regulated by simple physical 
laws. With very few exceptions, the discussions of the pathogenesis of 
pulmonary diseases have ignored partial pressures, diffusion, permea- 
bility, curves of dissociation and chemical affinities of the various gases 
present in the alveolar air or in chemical combination in the blood 
circulating through the alveolar capillaries. On the contrary, great 
importance has been attributed to the pathological changes of this organ 
and the postmortem gross and microscopic findings. However impor- 
tant the latter may be, they are not always sufficient to give an accurate 
idea of the exquisite mechanism and of the succession and the inter- 
dependence during life, of those pathological changes which are termi- 
nated in death. If I am permitted to make a comparison, I would say 
that, however conscientious and detailed is the study of a battle-field 
after the battle, it cannot always lead to an accurate understanding of 
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the causes, evolution and forces involved or even of the outcome of the 
battle. It seems insufficient and absurd to limit our sources of informa- 
tion to pathological morphology and to neglect the physiological and 
physical factors which during life regulate the function of the organ in- 
volved. It is because these principles have been neglected that for 
twenty centuries it was believed that in lobar pneumonia the affected 
lobes were larger during life than the healthy ones, that the lobar dis- 
tribution was a special involvement of pulmonary lesions caused by the 
pneumococcus and B. Friedlénder, and that in pneumonia the crisis, 
so curiously occuring between the fifth and eleventh days, was a pecu- 
liarly inexplicable phenonenon (10). 

Similar considerations, I believe, apply to tuberculosis. If we study 
the manifestations of the disease as they occur during life, with the phys- 
iology and mechanism of the pulmonary functions constantly in mind, 
we may discover that a number of little understood phenomena can be 
very easily and simply explained. 

In the present paper, I shall present a general description of the results 
thus far obtained. In subsequent papers the different points which 
here have been summarily described will be developed further. 


Investigation of the development of atelectasis in tuberculosis natu- 
rally called for the study of bronchial changes in tuberculosis. On the 
other hand, the frequency of fibrosis in atelectasis led to the study of the 
relation between atelectasis and fibrosis, and to the importance in the 
production of the latter of tissue anoxaemia, which is a common factor 
in both atelectasis and tuberculosis. The importance of decreased 
intrapleural pressure in atelectasis following tuberculosis was investi- 
gated in its relation to the constant peculiar and unexplained circular 
form of the tuberculous cavities. The study of the pressures and per- 
centages of the gaseous content of cavities and of gas-exchanges occurring 
in them led to a new explanation of the pathogenesis and clinical evolu- 
tion of tuberculous cavities. Furthermore, the marked decrease of 
oxygen in the cavities following obstruction of their communication with 
the bronchi, either spontaneously or after collapse therapy, and the 
condition of anaerobiosis thus created, were studied in connection with the 
biological changes in the tubercle bacillus when deprived of oxygen. 
These data gave a very plausible explanation of the mechanism of the 
closure of cavities and of the cure of tuberculosis by surgical procedures. 


i 


| 
= 
aad 
4 
= 
: 
| 
| 
| é 
| 
; 


4 POL. N. CORYLLOS 


1: Atelectasis in Pulmonary Tuberculosis: 


1: Bronchial changes in tuberculosis: In tuberculosis, more than in any 
other pulmonary disease, bronchi show marked pathological changes, 
which often appear in the early stages of the disease. Their mucosa, 
submucosa, and musculocartilaginous elements are all affected. We 
can summarize as follows the different forms of bronchial lesions (Pagel 
and Henke (36)): ' 

a: Exudative bronchitis and bronchiolitis: Henke (36) has designated 
as exudative tuberculous fibrinous bronchitis, and Staff (41) as mucous 
plastic bronchitis, a form which, in addition to infiltration of the mucosa, 
presents fibrinous bronchial casts formed in the small and medium- 
sized bronchi. According to Staff (41) and Feyrter (12), sudden attacks 
of cyanosis and dyspnoea occur frequently in this form, due to bronchial 
obstruction by fibrinous casts. 

b: Caseous bronchitis: The caseous form is more frequent. In this 
the mucosa and submucosa undergo caseous degeneration. An in- 
flammatory exudate separates the perichondrium from the cartilages, 
which exhibit caseous necrosis. The caseous material may produce a 
total or partial obliteration of the bronchi; the ragged mucosa easily 
leads to valve-formation which, according to its disposition, may pro- 
duce a one-way valve mechanism, either inspiratory or expiratory. 

c: Bronchitis obliterans: A form of tuberculous bronchitis in which 
early rapid and extensive caseation of the bronchus causes complete 
obstruction of its lumen. 

d: Productive tuberculous bronchitis: In this chronic form granu- 
lating tissue is organized and forms fibrous tumors of various sizes. 
In addition, the retracting scar-tissie often produces stenosis or Je“nite 
closure of the lumen of the affected bronchi. 


2: Bronchial Obstruction Syndrom:: \. is obvious that these bronchiai 
lesions seriously affect not only the patency but also the elasticity and 
contractility of the bronchial tubes. Furthermerc tue e2"'y destruction 
of the ciliary epithelium eliminates one oi the most efficient means of 
defense against added exogenous infection by pyogenic microérganisms. 
The most important result, however, of the bronchial lesions is the im- 
pairment of ventilation and gas-exchanges in that portion of the lung cor- 
responding to the diseased bronchi. This may lead to the production of 
atelectasis, or, on the contrary, to the development of emphysema. 
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In the first case we find that the affected part of the lung is retracted 
and opaque in the radiogram, the corresponding thoracic wall is flat- 
tened, the respiratory excurisons are diminished, the trachea and the 
heart are displaced, and the diaphragm is elevated on the affected side. 

Thus far phthisiologists have satisfied themselves by attributing these 
changes to “interstitial fibrotic pneumonitis,” due to the formation of 
scar-tissue caused by the tuberculous lesion. A number of facts are, 
however, against this conception. First, the whole clinical and radio- 
graphic syndrome is often established in an acute manner, which is 
incompatible with the theory of fibrosis of the lung. Second, as demon- 
strated by Packard (34) (35), in spite of clean-cut clinical and X-ray 
signs of advanced fibrosis of the lung with thickened pleura, a complete 
pneumothorax can often be induced. Third, this fibrosis presents, as a 
rule, a well-defined lobar distribution, although lesions are often spread 
throughout noncollapsed or fibrotic parts of the lung. This cannot be 
explained by fibrotic tissue developing in the lesions. Fourth, a ‘‘pen- 
dulum movement” of the mediastinum is often noticed in these cases, 
which could not occur in fibrosis of the lung and an adherent pleura. 
Last, these are precisely the tuberculous lesions which are most often 
complicated by bronchiectasis, in the formation of which, as I have shown 
elsewhere, previous atelectasis, closure of the alveoli, and their subse- 
quent organization are indispensable factors. 


Case Reports 


A limited number of cases are given here, illustrating the above-mentioned 
points. 


1: Acute onset of lobar atelectasis. A. J., Porto Rican, 26 years of age, ad- 
mitted to Metropolitan Hospital, December 12, 1931. Onset three weeks 
before admission, with fever, cough and expectoration. Several haemoptyses 
a few days before admission. X-ray, December 23, 1931, (figure 1A), shows 
consolidation of right upper lobe (subclavicular region) with slight deviation 
of the trachea and heart to the right. X-ray a month later (January 20, 1932) 
(figure 1B) shows atelectasis more marked. Pneumothorax, induced three 
months later, shows absence of pleuropulmonary adhesions, and brings out 
the more marked opacity of atelectatic upper right lobe. Trachea and heart 
are again to the left, and a slight mediastinal hernia in the left side is seen 
(April 12, 1932) (figure 1C). 


2: Massive atelectasis of the right lung. W.G., white male, 54 years of age, 
admitted to Seaview Hospital, February, 1932 (figure 2). Acute onset, January 


} 
ay, 
‘ 
Rf? 
a 
; 
f 
9 
e 


POL. N. CORYLLOS 


6 
| Fic. 1A Fic. 1B Fic. 1C 
“ = 
’ 
te 
’ q 
| 
Fic, 2 Fic. 3 d 


IMPORTANCE OF ATELECTASIS 


Fic. 4A 


Fic. 4B Fic. 4C 
4 
al 
4 + 
/ 
; 
Fic. 5A Fic. 5B 4 


8 POL. N. CORYLLOS 


1932. Caseous pneumonic tuberculosis of the right lung with complete 
deviation of heart to this side. Trachea markedly deviated and diaphragm 
elevated to that side. Vicarious emphysema on left side. 


3: Acute massive atelectasis of right lung. M. R., colored female, 19 years of 
age (figure 3), admitted to Metropolitan Hospital October 10, 1931. Onset 
four months before admission, with cough, expectoration and toxic symptoms. 
X-ray (March 25, 1932) shows complete opacity of the right lung with trachea 
and heart deviated to the right. Spread on the left side. Patient had acute 
pneumonic spread and died three days later. Autopsy, July 13, 1932, showed 
right lung contracted and atelectatic. There was a fibrinous plug in the right 
main bronchus. Left lower lobe consolidated. Heart and mediastinum had 
moved nearer midline. 


4: Acute atelectasis of the left upper lobe. Admitted to Metropolitan Hos- 
pital, July 14, 1932. Entered on the Obstetrical Ward for delivery and disease 
was accidentally discovered on that occasion. Cough and expectoration for 
several months, without other subjective symptoms. Sputum positive (Gaffky 
4) up to August 21, when negative, followed by another negative, and then the 
next being positive (Gaffky 2). X-ray, August 2, 1932: Areas of exudative 
infiltration on the left side, involving first and second interspaces with probable 
area of rarefaction in the lateral portion of the infraclavicular area. In addi- 
tion there is an area of pneumonic infiltration adjacent to the left cardiac 
border (figure 4A). X-ray, August 15, 1932: Increase in the area of opacity 
extending from the 3rd rib, quite homogeneous in character. Approximation 
of the ribs and slight deviation of the mediastinum to the left. Atelectasis 
(figure 4B). X-ray October 27, 1932: The whole upper lobe presents homo- 
geneous opacity, with elevation of the left diaphragm and more marked dis- 
placement of the heart, trachea and mediastinum to the left (figure 4 C). 


5: Lobar atelectasis with complete obstruction of right lower bronchus. 
G.W., white male, 23 years of age, admitted to Seaview Hospital, June, 1923. 
Discharged as an arrested case in September, 1927, to become an employee in 
the hospital. Worked steadily until February, 1930, when again admitted 
as a patient. Clinical diagnosis: Caseous pneumonic process throughout 
right lung and signs over left upper lobe. X-ray (April, 1932) showed, besides 
caseation.in upper right lobe, an involvement of left lung, and complete opacity 
of right lower lobe with marked deviation of the heart and trachea to the right. 
Bronchoscopic examination showed obstruction of right lower bronchus by 
scar-issue: 3 cc. of lipiodol were injected through the bronchoscope and 
confirmed the bronchoscopic findings (figures 5 A and 5 B). 


Physiological pathology, on the contrary, offers a simple and more 
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satisfactory explanation of these lesions. When complete bronchial 
obstruction is brought about by the bronchial lesions described above, 
the air is absorbed in that part of the lung corresponding to the obstructed 
bronchus and atelectasis is produced. This explains the wedge-shaped 
form of the lesion (figures 1 A and 1 B), its uniform opacity, the gradual 
shrinkage of the affected portion of the lung, and the changes in the 
position of the mediastinum, trachea, heart and diaphragm. If the 
atelectasis be produced suddenly, as in cases following haemoptysis or 
exudative or plastic bronchitis, the clinical onset will be acute (case 3); 
when the occlusion is by fibrinous, retracting scar-tissue, and gradual and 
progressive (case 5), as in the productive forms of tuberculous bron- 
chitis, atelectasis will be gradual and almost symptomless, comparable 
to the condition produced by slowly growing tumors of the bronchial 
tree. The distribution of atelectasis may be multilobar, lobar or lobular, 
according to the bronchus affected,—common, lobar, or small bronchus. 
Atelectasis is produced by the same mechanism following - bronchial 
compression by hypertrophied tracheobronchial and bronchopulmonary 
tuberculous lymph nodes. This occurs particularly in children after a 
primary infection. After haemoptysis, lobular and, less frequently, 
lobar atelectasis may occur. In such cases dyspnoea and cyanosis 
generally disappear rapidly with the elimination of the obstructing agent. 
If the expectorated blood be placed in water, it will very often show volu- 
minous fibrinous bronchial casts. 

Bronchial stenosis is not always accompanied by atelectasis. When 
the stenosed lumen remains patent, allowing an easier ingress of air 
during inspiratory dilation than egress of air during expiratory retraction, 
or when a valvular mechanism exists, allowing inspiratory inflation only, 
diffuse or bullous emphysema may be produced (Laurell (25), Clerf 
(7a)). This obstructive emphysema, well described by Manges (30) 
in foreign-bodies of the bronchi, is of frequent occurrence in tuberculosis, 
although its clinical diagnosis is not always easy. Sometimes it gives 
rise to true asthmatic attacks, such as may occur during the days fol- 
lowing haemoptysis. These are often terminated by elimination of 
bronchial casts only partially obstructing the bronchi. From the mech- 
anism described above, it is easy to understand that an emphysematous 
area may disappear very rapidly or even become atelectatic. 

Laurell (25), Kaestle (21), and others believe that localized bullous 
emphysema, whether interstitial, interlobar or subpleural, may simulate 
or even produce true annular shadows. It is evident also that in atelec- 
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tasis the lung can be reaerated when the bronchial obstruction has not 
existed for too longatime. If bronchial obstruction is prolonged, fibrosis 
will rapidly develop. 


3: Fibrosis: As Leriche and Policard (26) have stated, fibrous tissue 
develops in tuberculosis with greater speed than in any other disease. 
The cause of this phenomenon is still a matter for discussion. It may be 
due to the fact that tuberculosis is essentially a disease of connective 
tissue, the cellular and intercellular constituents of which are equally 
affected. It is also possible that because of the avascular character of 
tuberculous lesions, the amount of blood brought to the diseased tissues 
is decreased, and consequently a pronounced tissue anoxaemia is pro- 
duced. Furthermore, it is well known that prolonged ischaemia and 
anoxaemia cause fibrosis even in healthy tissue. A striking example of 
tissue anoxaemia upon the production of fibrosis is the so-called ischaemic 
paralysis of Volkmann, in which, following a prolonged constriction by a 
cast of the arm or forearm, there rapidly develops fibrous degeneration of 
the muscles of the forearm and hand. I am aware of the fact that, in 
this disease, sympathetic nervous disturbances are an important factor, 
as shown by Leriche. The initial pathological lesion, however, is due to 
ischaemia and anoxaemia of the muscles. 

This fibrogenetic tendency in tuberculosis, which is an invaluable ele- 
ment in the cure of this disease, is even more apparent in the lung, 
especially in atelectatic areas, than in other organs. It seems possible 
that in these latter areas oxygen want is an important factor in the pro- 
duction of fibrosis, and that cure by rest or surgical immobilization of the 
lung is due to the same mechanism. In fact, by rest we decrease pul- 
monary activity and consequently reduce the amount of blood circulating 
through the organ in a unit of time. On the other hand, decreased ven- 
tilation facilitates bronchial obstruction and atelectasis, in which circula- 
tion is almost completely obliterated. When the lung is completely 
compressed by a successful pneumothorax, thoracoplasty or apicolysis, 
atelectasis is produced. For these reasons, I believe that atelectasis may 
be the cause of fibrosis of the lung and not only the result of it. In other 
words, fibrous interstitial pneumonitis represents the end-results of 
atelectatic ischaemia of the lung, and is, therefore, limited to the atelec- 
tatic areas. Bruns (6), Hamman and Sloan (17), Sewall (40), and 
others, have also stressed the relation of atelectasis and fibrosis. 


4: Tuberculous Cavities: Atelectasis is furthermore closely connected 
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with the production and evolution of tuberculous cavities. In the 
caseous pneumonic form of tuberculosis (Ornstein, Ulmar and Dittler), 
after the elimination of the caseous material through the bronchi, 
cavities are formed which communicate with the bronchi and through 
them to the outside world. These communications are generally 
represented by more or less tortuous outlets. This is demonstrated not 
only in the pathological specimen, but frequently, also in the X-rays. 
Lipiodol injected into the bronchi does not penetrate the cavity because 
of its viscosity, the narrowness of the outlets, and the presence of air in the 
cavity. ‘These same factors hold true for putrid abscesses of the lung. 

If pus accumulates in other parts of the body, once the abscess has 
burst open, the walls of the cavity tend to collapse, and its size grad- 
ually decreases. Conditions are different in the lung because of the nega- 
tive intrapleural pressure which keeps the lungs distended. The mean 
negative intrapleural pressure, which normally is about —5 mm. Hg, 
often becomes, in the presence of atelectasis, ~20, —30, and even —50 
mm. Hg (Habliston (16), Packard (33), Lloyd (27)). The pressure 
inside of a cavity is atmospheric, and consequently higher than in the 
pleural space. It is obvious, therefore, that these cavities will show no 
tendency to collapse. The elastic recoil of the lung, which tends to 
bring together the walls of the cavity, is neutralized by the pull of the 
negative intrapleural pressure. If the intrapleural pressure should rise 
as it occurs in pneumothorax, the cavity tends to collapse, provided that 
there are no adhesions fixing it to the chest and that the condition of its 
walls permits it. a 

When a one-way valve is formed in the outlet of the cavity, the pressure 
within may become positive. In such a case, as in a tense pneumothorax, 
the positive pressure in the cavity may reach several millimetres of Hg. 

The above statements are illustrated by the following 3 cases, in which 
large apical cavities were punctured through the chest-wall, using a fine 
needle. The pressures and partial tensions of O2. and CO; in the cavity 
were determined by analysis of their gaseous content. No untoward 
effects followed this procedure. Tabulated, the cases follow: 


CASE PRESSURE OSCILLATIONS O: CO: 


cm. H:O 
+ 1, — 1(?) Present 17.0 2.0 
+ 1, — 1(?) Present 17.2 
+ 3 Absent 15.0 §.2 
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The first two cases represent open cavities; the third, a cavity with an 
inspiratory one-way valve. The amount of O; in the first two cases is 
higher than that in the alveolar air but lower than that in atmospheric 
air. This shows that absorption of gases does take place through the 
walls of the cavity. The amount of CO, in the same cases (1 and 2) 
is higher than that in atmospheric air (0.03 per cent), which is an addi- 
tional proof of the permeability of the wall of the cavity to the CO: of the 
blood. 

In case 3 gas-analysis of the cavity-air corroborates the hypothesis 
of the inspiratory-valve mechanism, already suspected because of the 
higher pressure (+3 cm. H;O). Because the air is less actively renewed 
in it, the gaseous exchanges are more advanced. Thus, the O, value is 
lower and the CO, higher than in the first two cases. 

The bronchial outlets connecting the cavities with the larger bronchi 
can sometimes be seen in the X-rays. In such cases, the shape of the 
cavity is that of a tennis-racquet. These cavities are called by the 
Germans Stiel-Kavernen. I would suggest for them the name of stem- 
cavities. 


Case Reports 
6: Bilateral apical stem-cavities (figures 6 A and 6B). R.M., white female, 


21 years of age, admitted to the Metropolitan Hospital, September 11, 1931. 
Onset insidious, with little cough, afternoon temperature, pain in chest, and 
positive sputum. X-ray (October 30, 1931) shows stem-cavities in both upper 
lobes. The bronchi are clearly visible (figure 6 A). Pneumothorax was in- 
duced on the left side. The stem-bronchus was not closed; the cavity re- 
mained open (figure 6 B). 


7: Unilateral apical stem-cavity (figure 7). M.J., white male, 20 years of 
age, admitted to Metropolitan Hospital, April 18,1931. Indefinite onset, with 
little cough, and blood-streaked sputum, two weeks before admission. Posi- 
tive sputum. X-ray (June 3, 1931) (figure 7) shows cavity in left upper 
lobe, with stem-bronchus clearly visible. 


The discrepancy between the pressures within and without the cavities 
also explains the peculiar spherical shape of these cavities during life, 
while on the autopsy-table they are more or less ragged and irregular in 
shape. The explanation for this is simple. During life, the pressure 
within the cavity, equal to one atmosphere, is several millimetres of 
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Hg higher than the negative intrapleural pressure around it. In other 
words, pressure is exerted upon the inner surface of the walls of the 
cavity or, to put it differently, suction on the outer surface, by reason of 
the negative intrapleural p::ssure. Thus a cavity is under conditions of 
pressure identical with those occurring in the common abscess, in which 
pus collects under pressure. Both are naturally compelled to assume a 
spherical shape. 

From the above it becomes obvious that the persistence of pulmonary 
cavities is due to the discrepancy between the pressure inside and that 
outside of them. It is also clear that gas-exchanges occur within them, 
although less rapidly than normally, because of the poor vascularization 
of the walls. The diffusion-index of gases naturally varies with the thick- 
ness and the vascularization of the wall. Theoretically, at least, it 
may become nil. 

It is, therefore, of interest to observe what will happen if the ‘‘con- 
necting bronchus” of the cavity is closed and the cavity ceases to com- 
municate with the outside air. It is obvious that, under these conditions, 
exactly as in the healthy lung following bronchial obstruction, the air 
contained in the cavity will be absorbed. The cavity will then collapse, 
notwithstanding the negative value of the intrapleural pressure. In 
other words, an open cavity can be compared to a pneumothorax with a 
bronchial fistula. The air contained in such a pleural space is in com- 
munication with the outside air. In both, open pneumothorax and 
open cavity, the pressure of the gases contained is that of one atmosphere 
or is even greater when a one-way-valve mechanism is present. The 
air under these conditions cannot be exhausted, although it is constantly 
“pumped out” by the circulating blood. On the other hand, a closed 
cavity is physiologically similar to an ordinary closed pneumothorax. 
In both, the air is not renewed and is absorbed more or less readily, ac- 
cording to the degree of vascularization of the surrounding parenchyma, 
the velocity of the circulation, and the permeability to gases of the walls 
of this pneumothorax or cavity. 

If this conception be correct, the most important part in the closure of 
the cavity is not played by the wall but by the “‘connecting bronchus.” 
Rigidity and thickness, or elasticity and thinness of the wall will only 
determine the rapidity of absorption. In fact, we know that the air is 
gradually absorbed in the pleural cavity even after a prolonged pneumo- 
thorax, although the pleura is extremely thickened and the underlying 
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lung collapsed and fibrotic. This occurs in spite of the resistance offered 
by the thickened pleura, and that of the diaphragm, heart, trachea, and 
thoracic wall, which, in the course of the absorption, are forcibly drawn 
to the affected side. This fact leads us to state that, once the connection 
of the cavity with the outside air has ceased, the gaseous content will be 
absorbed and the cavity will collapse. We must admit that the walls of 
the cavity could offer insuperable resistance to this process only in 
very exceptional cases. 

This conception is not in agreement with the prevailing theories of the 
aetiology and evolution of tuberculous cavities. Pinner (37) recently 
classified them, according to the structure of their walls and their size, 
as small ‘‘moth-eaten” or “honeycomb” cavities, round cavities with 
elastic walls, and thick-walled cavities. Redeker (38), Alexander (1), 
Jacquerod (20), and others have advanced similar classifications. Fischel 
(13), in discussing the significance and prognosis of tuberculous cavities, 
considers that their evolution depends upon the structure of their walls. 
The round cavities, according to this author, “undergo rapid changes, 
appear or disappear and become bigger or diminish in size in a short 
time.’”’ Furthermore ‘‘retraction can take place in them, the walls can 
come into apposition and obliteration may occur in surprisingly short 
time.” On the contrary, the thick-walled cavities “cannot be closed by 
connective-tissue retraction, cannot disappear and can shrink but little.”’ 
In addition, the same author believes that “the thick-walled cavities are 
always the final stage in the transformation of the round elastic cavities.” 

The question now arises: Why do round elastic cavities disappear in 
some cases while in others they are transformed into thick-walled cavi- 
ties? If the prognosis of the cavities and their further evolution is a 
function of the structure of their walls, as the above-mentioned authors 
maintain, all thin-walled cavities should close spontaneously, and thus 
no thick-walled cavities should exist. The absurdity of this conclusion 
shows that the hypothesis of these authors is misleading, and that we 
should look elsewhere for the real cause of changes occurring in tuber- 
culous cavities. 

In order to avoid any confusion, it must be clear that under the name 
of cavities we understand only the real air-containing cavities. I do not 
consider here the “precavity annular shadows” (prekaverndse Ring- 
schatten) of Redeker (38), Alexander (1) and Kniisli (22), which repre- 
sent “infiltration of the pulmonary parenchyma surrounded by a lympho- 
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cytic wall.” In the present state of our knowledge, we are obliged to 
admit that, if these annular roentgenographic shadows are not cavities, 
they are localized infiltrations due to the allergic reaction of a highly 
sensitized lung to a tuberculous infection of moderate intensity. We 
know that they generally disappear within a few weeks or months. 
Ornstein (32) and his collaborators have given an excellent description 
of the clinical evolution of these structures, which are one of the charac- 
teristics of the ‘‘exudative form” of pulmonary tuberculosis of these 
authors. Laurell (25), in his thorough paper on annular shadows, pre- 
sents clinical and experimental proof of the emphysematous nature of 
these puzzling formations. He does not accept the conception of Amber- 
son (4) of “localized pneumothorax.” However this may be, we do not 
as yet know exactly what the nature of these annular shadows is, and 
therefore should separate them, for the time being, from icai tuber- 
culous cavities. 

The same does not hold for the large round cavities, thin- or thick- 
walled. These are real cavities, and they contain air. I have given 
above the results of gas-analysis showing the composition of air con- 
tained in them. 

It is obvious that, under the physiological and mechanical conditions 
prevailing in the chest, these cavities cannot be collapsed unless the air 


filling them has been removed. The only way by which this air can be 
removed is the absorption of it by the circulating blood. This will 
occur only when the connection between the cavity and the outside world 
is closed. Simple mechanical compression of these cavities from the out- 
side, as by pneumothorax or thoracoplasty, is not sufficient to produce 
complete collapse of the cavity; often we see in pneumothorax that the 
cavity is displaced but it remains persistently open (case 8). 


Case 8: R.G., colored female, 26 years of age. Admitted to Metropolitan 
Hospital, December 2, 1931. Acute onset with cough and expectoration 
two months before admission. Positive sputum. X-ray, April 4, 1932 
(figure 8 A) shows “thin-walled” cavity in middle of left lung field. Pneu- 
mothorax was induced April 19, 1932. In spite of good collapse, sputum 
remained positive. X-ray, June 9, 1932 (figure 8 B) shows excellent collapse 
of the lung. Cavity is apparently decreased in size but is still visible. 


On the other hand, collapse of cavities of long standing may occur 
spontaneously and without any apparent reason, even in cases in which 
no collapse treatment has been attempted (case 9). 
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Case 9: (Figure 9.) S.H., white male, 51 years of age (patient of Dr. 
G. Ornstein). Onset June, 1930, with caseous pneumonic process in the right 
upper lobe. Radiogram taken November, 1930, shows cavity of size of hen’s 
egg in right apex (A). Eight months later (B) the cavity is still present. 
Suddenly the condition of the patient improved. Cough and expectoration 
disappeared almost completely. X-ray taken four months later (C) shows no 
cavity. 


That pneumothorax by itself is not sufficient to bring about closure 
of the cavity is shown by case 10. 


Case 10: (Figure 10.) A.S., white female (case of Dr. G. Ornstein). Sudden 
onset, October 16, 1930, with caseous pneumonic process in left lung. X-ray, 
taken October 16, 1930, shows round cavity in 2nd left interspace (A). A 
month later (B) the cavity was unchanged. Pneumothorax was instituted in 
Saranac Lake, which did not produce a sufficient collapse of the upper lobe. 
The cavity remained open and even increased in size (C). The sputum was 
persistently positive. Suddenly, nine months after the beginning of pneu- 
mothorax, and although refillings were discontinued and the lung had re- 
expanded, the patient showed a marked improvement of general and local 
symptoms. Radiogram, taken March, 1932, showed the cavity decreased in 
size, and three months later it had disappeared (D). 


The above cases, picked out at random from several similar ones in 
our services, show that in the intimate mechanism of the anatomical 
closure of the cavity another factor is necessary besides “‘compression.”’ 
It seems reasonable to admit that this factor is the same as that which 
transforms the ‘‘collapsed lung” to “‘atelectatic lung.” The first con- 
tains air; the second is airless. The absorption of air occurs in the 
collapsed lung, as I have shown with Birnbaum (9) (10), because of the 
collapse and closure of the small bronchioli due to the collapse of the 
lung. The air is absorbed by the same mechanism as when a larger 
bronchus is obstructed. There are not two forms of atelectasis, ob- 
structive and compressive, as was believed, but only one,—the obstruc- 
tive form. What is true for the lung parenchyma must be true for the 
cavities, which, after all, are nothing else but “‘holes’’ in the lungs, sub- 
mitted to the general physiological laws which regulate gas-exchanges in 
the lung. The pathological changes present around them can only 
modify the conditions of gas absorption which takes place according 
to these laws. 

Thus it seems permitted to conclude that collapse of the cavities 


41 


anank LAKE 


< 
< 
© = 
Zz 
< 
© 
a 
= 


Fic. 10C 


19 
Fic. 10A Fic. 10B a 
| 
| 
am 
be. 
w 
az 

7 
Fic. 10D 


20 POL. N. CORYLLOS 


cannot occur unless their bronchial outlets are closed. This statement 
brings up another question, that is, the drainage of cavities. Fischel 
(13) considers drainage necessary except for chronic stationary cavities. 
I think that this is not entirely so. In fact, in the acute period of the 
caseous pneumonic form (Ornstein, Ulmar and Dittler) when the lung is 
consolidated, the patient is toxic and runs a high temperature. With 
the elimination of the caseous material and the formation of cavities, 
the general condition improves and the temperature becomes flat. 
From that time on, it does not seem that interference with drainage is 
of any danger to the patient. This is proved by the fact that pneumo- 
thorax or thoracoplasty at that period, with closure of the outlets of the 
cavities, as shown by disappearance of bacilli in the sputum, does not 
give rise to any untoward symptoms connected with interference with 
drainage. 

On the other hand, I do not think that tuberculous cavities should be 
compared to ordinary or putrid abscess-cavities, or that drainage is as 
necessary in the former as in the latter. On the contrary, it is well 
known that tuberculous abscesses of any origin or location, from tuber- 
culous empyemata to the cold abscesses of Pott’s disease, should not be 
opened and drained. As will be shown below, the essential factor in the 
treatment of tuberculous lesions seems to be the decrease to a minimum 
of the amount of oxygen brought to the tuberculous tissues. This is 
obtained by as complete immobilization as possible of the diseased area, 
be it a joint, the vertebral column or the lung. The less the tuberculous 
lung moves the better, and there is no doubt that atelectasis is the most 
complete means of immobilization of the lung. It corresponds to a 
fusion operation of a tuberculous joint. 


MECHANISM OF CURE IN SURGICAL COLLAPSE TREATMENT 


The above considerations throw a new light on the mechanism of cure 
of tuberculous cavities, whether this be spontaneous or by surgical 
collapse therapy, pneumothorax, apicolysis or thoracoplasty. In fact, 
in allowing the lung to collapse by decreasing the intrapleural negative 
pull, we produce collapse not only of the alveoli but also of the small 
bronchi. The diseased bronchi, whose lumina are more or less tortuous, 
irregular and ragged, are very easily kinked when the lung collapses. 
On the contrary, if adhesions are present preventing the closure of the 
bronchi, the cavity will not collapse, even in the presence of atmospheric 
pressure in the pleural cavity. 
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Therefore, I believe that the collapse of a tuberculous cavity depends 
upon and is regulated by the condition, patent or closed, of its com- 
munications with the bronchi. This statement leads to two important 
corollaries. 

First, spontaneous obliteration of cavities, occurring without any 
apparent reason, and often completed in a very short time, is due to the 
spontaneous closure of the bronchial outlets of the cavities (cases 
9 and 10). Thus this phenomenon, heretofore a puzzle to the phthisiol- 
ogists, finds a simple explanation. 

The second corollary is that a rational way of treating tuberculous 
cavities would be to devise some procedure producing closure of their 
“connecting bronchi.” 

Treatment of tuberculous cavities by transthoracic injections of differ- 
ent substances was tried empirically long ago. (Von Berry in 1726 (5), 
Mosler (31) in 1873.) The original idea was to modify the “tuberculous 
tissues.” The same attempt was recently made by MacDowell (29) 
of Rio de Janerio. He injected a solution of colloidal copper morrhuate 
into cavities with the intention of “sterilizing the cavities »nd produce 
disappearance of bacilli from the sputum.” It is of intexest to notice 
that this author reported a number of cases in which tue “tubercle 
bacilli disappeared from the sputum after the first or second injection,” 
although he admits that ‘copper morrhuate has no bactericidal action 
upon the Koch bacillus in vitro.” 

It is obvious that the mechanism of disappearance of the tuberculous 
lesions by these methods of treatment has nothing to do with the action 
of the particular substance used on the bacillus, or with the modification 
of the “tuberculous tissues.’”’ It seems that the mechanism of these 
cures (however rare they may be), as well as of spontaneous cures, is 
simply the closure of the communication of the cavity with the outside 
world.’ In these cases it was produced by the irritant action upon the 
“connecting bronchi” of the substance injected into the cavity. It is 
obvious that the disappearance of bacilli occurring shortly after this 
treatment can be due only to the severance of the connections between the 
cavity and the bronchus. This is equally true for the “negative sputum” 


3 This result could be obtained by the transthoracic injection into the cavity of a few drops 
of a strong solution of silver nitrate, of the safety and efficiency of which method I am not 
prepared as yet to speak. However, according to Ameuille (2) (3), transthoracic injection 
into apical cavities is harmless. At the time this paper went to press five cavities had been 
injected without any untoward effects; no improvement had been noted either. 
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often noticed very soon after a successful pneumothorax or thoraco- 
plasty. The fact of major importance, however, is the absorption of the 
air from the cavity. In this may lie the key that will enable us to ex- 
plain the mechanism of the cure of tuberculosis by collapse therapy. 

What does happen when a cavity is closed? We know that in artificial 
pneumothorax, just as in a pulmonary lobe whose bronchus has been 
obstructed, the gases will be gradually absorbed according to the mechan- 
ism which has been described elsewhere. Oxygen, carbon dioxide and 
nitrogen will completely disappear, so that the pleural space or the pul- 
monary parenchyma corresponding to the obstructed bronchus will 
become completely airless. Absence of oxygen will create a condition of 
anoxaemia, far more advanced than has been surmised, a circumstance 
which seems thus far to have been totally overlooked. The question 
now naturally arises: What is going to be the reaction of the tubercle 
bacillus to this new environment? Recent experimental data upon the 
respiratory metabolism of acid-fast bacilli in general, and more especially 
upon the Koch bacillus, help to give a keener insight into this extremely 
important problem. 

Recent researches upon this subject (Richardson, Loebel and Shorr 
(39)) have shown that this organism needs a large supply of oxygen for 
survival and that, in order to maintain its respiration at a maximum, a 
very considerable amount of oxygen is required. It was calculated that 
the oxygen consumption was between 1 and 2.7 cu. mm. per mgm. of 
moist weight of H37 tubercle bacillus per hour. This is at least twice as 
much as is required by the resting muscle of the dog. When O, was 
withdrawn from the cultures or when nitrogen was substituted for atmos- 
pheric air, their respiratory metabolism gradually sank and fell to zero 
on the fourth day. Further growth of these microbes stopped, and cul- 
tivation failed. Furthermore, these authors have shown that the amount 
of lactic acid produced under these conditions of anaerobiosis was so 
small that the “amount of energy which could be derived from this 
anaerobic process could have been only 1 or 2 per cent of the amount 
provided by oxidation in Long’s medium in air” (Loebel, Shorr, 
Richardson (28)). 

Several objections could be made to this conception. First, that a 
condition of anoxaemia, similar to the one experimentally produced, 
could not be easily realized in a collapsed pulmonary cavity, because of 
the presence of oxygen in the blood still circulating in the vessels of the 
lung around the cavity. Second, that if the degree of permeability of the 
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wall was such as to permit the absorption of the gases from the cavity by 
the circulating blood around it, it would probably also allow a sufficient 
amount of oxygen to pass in the opposite direction. 

The answer to these objections is given by the work of Warburg (44), 
who showed that “a focal collection of cells with respiration of 2.5 cu. 
mm. per dry mgm., would exhaust completely the oxygen of the air by 
the time it reached the center layer of cells 0.5 mm. thick.” (Loebel, 
Shorr and Richardson (28).) Therefore, it seems plausible that if a 
slight amount of oxygen should enter the wall of a collapsed cavity, it 
would be exhausted during the passage and never reach the inside of the 
cavity. Furthermore, we should not lose sight of the fact that collapse 
of the lung produced by successful pneumothorax or thoracoplasty fur- 
ther decreases the amount of blood circulating in the diseased pul- 
monary parenchyma surrounding the cavity rendered atelectatic, and 
consequently diminishes the available amount of oxygen in it. 

The above data led me to formulate the following hypothesis of the 
mechanism of the cure of tuberculous cavities following successful 
collapse therapy (7b): 

Collapse of the diseased lung produces closure of the communication 
between the cavity and the outside air; under these conditions the gaseous 
content is absorbed according to the laws of gas-exchanges in the lung. 
A condition of anoxaemia is produced in the cavity, further enhanced 
by the absorption of oxygen by the avascular tissues of the cavity. 
That such a degree of an anoxaemia is possible in pulmonary tissue is 
shown by putrid abscesses of the lung. In these, under similar condi- 
tions of obstructive atelectasis, a degree of anoxaemia is developed 
sufficient to allow the development of strict anaerobes. The respiratory 
metabolism of the tubercle bacillus is so greatly affected by this lack of 
oxygen that it will rapidly fall to zero. It has been experimentally 
proved that anaerobiosis produces impairment of vitality and, if pro- 
longed, arrests the growth and causes definite injury to these organisms as 
shown by failure of recultivation. Furthermore, the closure of the outlet 
of the cavities checks the exit of the bacilli and thus prevents further 
dissemination and spread of the infection to other portions of the lung. 

Many problems connected with this point of view need further in- 
vestigation. What happens to the pyogenic bacteria and more especially 
to the facultative anaerobes when the drainage of the cavity is stopped? 
What are the organic changes, if any, in Koch bacillus itself, caused by 
this protracted condition of anaerobiosis? To what degree are their 
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virulence, development and vitality affected? Is there any possibility 
that these changes in their environment may influence their dissociation? 
I feel convinced that the solution of these problems, now under in- 
vestigation, will throw a new light on the still obscure question of the 
mechanism of cure of tuberculosis by collapse therapy, and confirra or 
invalidate the above-formulated theory. 


SUMMARY AND CONCLUSIONS 


Atelectasis is not an occasional but a constant complication in pul- 
monary tuberculosis. It is caused by the bronchial lesions in tuber- 
culosis, which lead to stenosis and occlusion of the bronchi. Complete 
bronchial occlusion produces atelectasis. Partial obstruction with a 
one-way-valve mechanism may lead to diffuse or localized or bullous 
emphysema. Annular shadows may be due in some cases to interstitial 
interlobar or subpleural bullous emphysema. 

Tuberculous cavities will not collapse so long as they communicate 
with the outside world. If these communications are obliterated the 
gases present in the cavity will be absorbed and the cavity collapsed, 
unless the walls of the cavity present an insuperable resistance. In 
other words, in the collapse of a cavity it is of far greater importance 
whether its outlet is open or closed than if its walls are elastic or rigid. 

Surgical collapse therapy acts by producing occlusion of the bronchi 
through which cavities communicate with the outside air, and not by 
mere compression of the walls of the cavities. Spontaneous cure of 
cavities can occur following spontaneous closure of these bronchial 
outlets. A treatment of cavities is suggesied based on that conception. 

Cases of stem-cavities (tennis racquet) are presented. Collapse of the 
cavity and disappearance of oxygen create a condition of anoxaemia 
which acid-fast bacilli cannot withstand for any prolonged period. This 
may be the mechanism of cure of tuberculosis by collapse treatment. 
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TUBERCULOUS PERITONITIS! 
CHARLES T. OLCOTT anp DOMENICO PACCIONE 


At the suggestion of Dr. Eugene H. Pool, we have made a study of 
tuberculous peritonitis with especial reference to the incidence in Italian 
patients, chiefly young women. Believing that consideration of the sur- 
gical-pathological and autopsy material from a general hospital in a large 
city might be of interest, we are presenting the following summary of 
cases. We have approached the study from an essentially clinical view- 
point and attempted to evaluate the symptoms and course of the disease 
in various patients with some attempt to list the chronological involve- 
ment of the various organs. ‘This is obviously lacking in complete ac- 
curacy as the lesions and symptoms of involvement may show a varied 
localization, but it seems to be the best available means of tracing the re- 
lation of tuberculosis of the peritoneum to that of the other organs. We 
find that our autopsy material is of relatively less significance in this 
study than the surgical findings, as it usually represents such an advanced 
process that the course can scarcely be unravelled. Needless to say, we 
have used only the material from cases in which tuberculosis could be 
definitely identified by biopsy, animal inoculation, autopsy, or several of 
these methods. We have usually based our diagnosis on the morphology 
of the tubercles, but, rarely, tubercle-like bacilli have been identified. 
Cultural identification of tubercle bacilli has not been attempted rou- 
tinely in the New York Hospital, and we are unable to state whether the 
bovine bacillus was the aetiological agent in any of the cases. 

The material reviewed represents the records of tuberculosis of the di- 
gestive and female reproductive systems which have occurred among the 
last 75,000 admissions to the public wards of the hospital, when definite 
pathological proof is present. It should be noted that these represent 
75,000 admissions, during the eighteen years, 1914-1931, not that number 
of separate persons. Cross-check has been made from our surgical path- 
ology and autopsy indices, and a number of cases added from the private 
side. There have been 97 individuals with proved tuberculous peritoni- 


1 From the Division of Laboratories, New York Hospital, and the Department of Pathol- 
ogy, Cornell University Medical College, New York City. 
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tis included from the wards, and 12 from the private side, exclusive of 
those referred to only in the addenda to the various groups. During this 
period there have been over 28,000 surgical-pathological specimens. The 
follow-up records have been obtained chiefly through the coéperation of 
the two surgical divisions, Drs. Eugene H. Pool and James M. Hitzrot, 
Attending Surgeons, and our thanks are extended to them and their 
staffs, and also to the Record Room Staff. There have been 1,100 autop- 
sies since January, 1926. 

The data from surgical and autopsy material, on which this report is 
made, include 132 cases of tuberculosis, 109 with tuberculous peritonitis. 
For the purpose of this study, we have not included 149 specimens of epi- 
didymal or other male reproductive-system tuberculosis; 120 specimens 
from the kidney and ureter; or 680 lymph-node tuberculosis specimens, or 
242 scattered tuberculous foci from our surgical index, including 19 in 
the tonsils and adenoids. An analysis of admissions to the hospital by 
age, sex and race, and brief reference to U. S. Mortality and other tables 
are included for purposes of comparison. 

The first group of cases to be studied represents clinically isolated 
tuberculosis of the peritoneum. Following this is that of tuberculosis 
of the intestine and peritoneum; of the intestine, peritoneum and female 
genitalia; of the peritoneum and female genitalia; and, last, of tuberculo- 
sis of the lungs, serous cavities and bones, and generalized tuberculosis. 


TUBERCULOUS PERITONITIS WITHOUT OTHER CLINICAL TUBERCULOSIS 


This group includes 18 cases, 16 proved by operative material, and 2 by 
animal inoculation. (None were studied by autopsy.) Three showed 
tubercles but no fluid, and occurred in females, 1 8/12 and 22 years, and a 
male of 25. All were living 2 to 3 months after operation. (See table 1.) 

In a second group of 9 patients, tubercles and fluid were present. This 
group included 6 females of 7, 8, 13, 14, 19 and 26 years of age, and three 
males of 5, 9 and 10 years respectively. Follow-up records on seven 
report two “well” over two years, and the other five living from 2 weeks to 
one year. 

In a third group of four, tubercles, fluid and adhesions are found in 
women of 17 and 25, and men of 32 and 40 respectively. Of the 3 cases 
with known follow up, one died four months and two were alive 1 and 5 
years after operation. 

A fourth group, in which there was no operation and diagnosis was made 
by animal inoculation, includes only two patients, a girl of 141/2 and a 
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boy of 31/2 years. The former was alive one year later, while the subse- 
quent course of the second is unknown. 

There were 11 females of an average age of 15.2, a minimum of 1 8/12 and 
a maximum of 26 years. Of the 7 males the average age was 17.7, the 
youngest 3 and the oldest 40 years. The average for both sexes was 16.6 
years. Two were 14 years old, and a half of the remainder above and a 
half below this age. (There are very few patients below one year of age 
in this hospital.) 

With regard to race it is of interest to note that 4 were born in Italy; 7 
were born in United States but have Italian names; while other Americans 
and scattered included only seven. The nativity will be referred to more 
completely below. 

Although it is appreciated that the selection of this uncomplicated 
group is a rather artificial one, it is of some interest to note that of the 13 
cases with “follow-up” records only one died, while seven were alive one 
to five years and five others were alive when last reported within six 
months of discharge. 

The maximum temperature of these 18 cases on admission (usually in- 
cluding the first 24 hours in the absence of operation or other complicat- 
ing factors) was under 99°F. in one case, between 99° and 99.9° in seven; 
100-100.9° in six and 101-101.9° in four. In half, the temperatures were 
above 101.5°, and in half below this figure. We have plotted these 
figures and found them distinctly below that found when other organs in 
addition to the peritoneum showed tuberculosis. The temperatures in 
this group were only slightly above that when the salpinges alone were 
affected. 

The number of white blood cells was noted in 11 cases, and found to be 
under 8,000 in five of them, 9,100 in a sixth, and above that figure in the 
remaining five, with a maximum of 13,200. They were only once over 
12,000. The average number of white cells was 9,800. (Shattuck (34), 
also Pincoffs and Boggs (30) state that they are usually under 10,000 in 
tuberculous peritonitis.) 

Available records do not establish definitely in what part of the peri- 
toneum tuberculous involvement was most common. The incidence in 
connection with hernia, as seen in the table, is of someinterest. Thoenes 
(36) reports that in three of his 42 cases, tuberculosis was found in hernial 
sacs. Wilson (40), in a paper reporting 116 clinical cases of tuberculous 
peritonitis, notes 67 of the ascitic form, 47 adhesive and 2 caseous. In our 
experience it has been hard to differentiate the ascitic and adhesive 
forms, as they seem to merge. 


, 
it 
| 
7 
fi 
Peg 
q 


CHARLES T. OLCOTT AND DOMENICO PACCIONE 


30 


(Bs019s) 
2 | xipueddy Asdoig 001'6 | ‘TOT sXep 900915) | 97 A 
(Pmp) (Asdo 
(Aueur 
Burary | Asdoig 99 009'2 | | ¢ ‘ured yeurmopqy | FT A |868‘L1 
Aul0} 
| Asdorg zs 008 ‘6 ol OT z ‘ured peurmopqy 8 A 
(uredg 
sivok % | Asdoig 000‘ZT | | 9g | 10 | |966‘SZ 
¢ | Asdoig | | 000°S | .9°86 | ~Opqe ‘ureg | | W /986‘LT 
F 
| Asdoig — | | ‘uewopqepra ‘ureg | |tet‘oz 
(snuis) [ed 
‘sqyuou Bulary | Asdoig — | 9°66 | jeurnsuy (2) ‘a |ssz‘tz 
(¢) ou 
SaSVO 
| | SNOLAUMAS | ALIAILVN NI GOV xas 


TUBERCULOUS PERITONITIS 


| OOS‘OT | | $4904 7 “SA | ¢ W 
(Z) sasv2 
‘paid Asdoig SL 000'9 | .9°TOT | | OF W |092‘8T 
¢ | Asdoig ot 66 syjuow ¢ ‘uleg Ayeiy | W 
¢ BuIA] | Asdoig 009‘L | } ‘ured peurmopqy (4731 LT A joss‘ze 
(¢) suorsaypn ‘prnyf 
(,,P2IN9,, 
¢ | ueumpeds Asdoig 09 | | OT W |60s‘T¢ 
Asdo 


f 
% 
i 
j 
i 
4 


32 CHARLES T. OLCOTT AND DOMENICO PACCIONE 


Oniy 2 cases are listed with tuberculous involvement limited to the 
peritoneum and mesenteric lymph nodes. The course of both of these was 
rapidly fatal. An Italian woman of 24 died a few days after operation, 
while an American-born negro male of 62, who was not operated on, 
lived only 3 weeks after the onset of symptoms. The latter was an au- 
topsy case. 

This group seems to correspond with that described in the literature 
as caseous or ulcerating. Other examples of the caseous type are referred 
to below in connection with involvement of other organs in addition to 
the peritoneum, notably the salpinges. Blake (5) believes the involve- 
ment of the mesenteric lymph nodes to be secondary to that of the 
peritoneum. 


TUBERCULOSIS OF PERITONEUM AND INTESTINE 


There are 12 cases in which peritoneal tuberculosis was believed or defi- 
nitely proved to be secondary to that of the intestine. The patients were 
four females of 19, 23 (22,086), 27, 30, and eigut males of 17, 20 (22,221), 
22, 23 (20,217-20,980), 27, 29, 30 and 52 respectively. Of these, three 
died in from one month to eight years. One of these had a faecal fistula 
and one died after a second operation. Six were alive when last reported 
on, nine months to four years after operation; one was alive at four 


months; one is recent; and one has been lost track of. 
A fairly typical case-history, illustrating the difficulty in clinical 
diagnosis, follows: 


An unmarried, 23-year-old American-born woman, with an Italian name 
(22,086), had general abdominal pain for the three months before admission. 
This became localized later in the right lower abdominal quadrant, and the 
patient had cramps and vomiting. On admission, the temperature varied be- 
tween 98.6° and 99.2°, but the blood-count was not noted. The preoperative 
diagnosis lay between cystic ovary and chronic appendicitis. At operation, a 
moderate amount of serosanguineous fluid was found in the peritoneum. The 
appendix was thickened and had an adherent mesentery. The caecum had a 
granular appearance and was congested. The rest of the intestines seemed 
normal. Appendicectomy was performed, and drainage instituted. The 
condition of the salpinges was not noted. Microscopical examination showed 
tubercles in the mucosa and even more numerous ones in the deeper layers of 
the appendix. The temperature was as high as 102° the first four days, post- 
operatively, but came down after that to 99.6°, and the patient was discharged 
with a granulating sinus on the 17th postoperative day. One year later her 
condition on examination was good, with no tenderness, masses or ascites. 
Two years after the operation she was reported as “‘very well’ and working. 
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Another case (22, 221) is summarized in view of the extremely localized 
peritonitis and the favorable course: 


An East-Indian male of 20 was admitted with a history of two attacks of ab- 
dominal pain. The first occurred 2} months before admission, starting in the 
midabdomen and then going to the right lower quadrant. At that time the 
patient was in bed 3 days. There was no vomiting. Four days before ad- 
mission there again was umbilical pain, which later localized in the right lower 
quadrant. Physical examination showed marked tenderness and a small 
elongated mass in the right lower abdominal quadrant. The temperature was 
99°, and the blood-count not noted. The provisional diagnosis was “subacute 
appendicitis.”” At operation no fluid was found in the abdomen, nor were there 
any adhesions. There was marked thickening of the wall of the ascending 
colon, and tubercles were found on its serosal surface. The mucosal surface of 
the thickened area was red and almost ulcerated, and this congested area was 
surrounded by tissue which contained tubercles. Section showed a stricture 
at the thickened point and ulceration around the ileocaecal valve and on the 
opposite wall of the caecum. Diagnosis: Tuberculosis of the caecum. 
Resection of the caecum and terminal ileum and lateral anastomosis were 
performed. The postoperative temperature reached 102.4° on the fifth and 
103.4° on the seventh postoperative day, but came down satisfactorily. The 
wound drained a little superficially, but was dry when patient was discharged 
on the 2ist postoperative day. The subsequent history was uneventful. 
Four years after discharge the patient’s bowels were regular and he felt very 
well. 
A third patient (20,217—20,980), a male of twenty-three, was born in the United 
States but had an Italian name. He was admitted complaining of pain of two 
days’ duration, arising in the right lower quadrant but radiating across the 
abdomen. This was accompanied by vomiting. He gave a history of “‘bron- 
chitis” and a “‘cold abscess’’ of the neck two years before. The temperature 
was 103.8°, and white blood cells 12,200, with 71 per cent polymorphonuclears. 
The clinical picture was that of acute appendicitis. However, at the opera- 
tion it was noted that the caecum was indurated and a “‘granuloma-like area 
suggesting tuberculosis or actinomycosis” present. The wound was drained 
with a Mikulicz tampon. The surgical pathological diagnosis (20,217) was 
acute inflammation superimposed on a chronic one. Review of the slide shows 
an acute purulent inflammation and also characteristic tubercles in the sub- 
mucosa. Six months after discharge the patient returned with fluid in his 
abdomen. Physical examination showed fulness and bulging of the flanks. 
The temperature reached 100° twice, but was between 97° and 98.6° for three 
days before operation. At operation fluid was found in considerable amount. 
The portions of intestine in the pelvis were very adherent to one another. 
Numerous tubercle-like masses were found and showed a characteristic tuber- 
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culous morphology (20,980). A guinea pig, injected with peritoneal fluid, was 
alive and well six months later, an experience which is by no means unique, 
apparently, even in the presence of undoubted tuberculosis. Three months 
later the patient was still in the country, unable to work. We have since lost 
track of him. 


Others who note negative guinea-pig findings in cases of definite tuber- 
culous peritonitis include Cabot (12) and Hertzler (20). The latter says 
that most guinea pigs showed tuberculosis, while Pincoffs and Boggs (30) 
report them positive in 50 per cent of the cases. 

In 2 cases with tuberculous involvement of the peritoneum and intes- 
tine, the symptoms of peritoneal involvement seemed to antedate those at- 
tributed to the intestine. This group includes a female of seventeen 
(28,073-28,797) and a male of twenty-two (18,572-5,078). Both died, 
with intestinal obstruction and faecal fistula respectively. 


The former (28,073), an Italian girl, had had abdominal pain of 3 weeks’ dura- 
tion and fever, but had been working until 9 days before admission (3/26/22). 
On admission her temperature was 105.6° and there was 13,800 white blood cells 
with 85 per cent polymorphonuclears. Immediate operation was performed, 
with a preoperative and postoperative diagnosis of “acute appendicitis.”’ 
About 8 ounces of clear fluid were removed. The intestines were reddened but 
no tubercles were found. The appendix was fiery red and oedematous but 
showed no necrosis. It was removed, and chronic inflammation of the organ, 
chiefly subperitoneal, was reported (27,946). The septic type of temperature 
continued. The material drained from the wound was noted as bloody at 
first, but became foul-smelling on the 7th postoperative day. The wound was 
examined under anaesthesia on the 12th and 29th postoperative days. On the 
latter occasion some broken-down tissue was removed from the wound and this 
proved to be tuberculous (28,073), the first clear evidence of that aetiology. 
Faecal fistula developed. The girl was sent to the country four months after 
admission, but returned in a little over a week. Three weeks later it was 
decided to try to close the faecal fistula. Intestinal anastomosis was performed, 
but the patient died about an hour later. At this time all of the peritoneum 
was studded with tubercles. A surgical specimen (28,797) showed tuberculous 
ulcer of the intestine and tuberculous peritonitis. Death occurred five months 
after the first operation. In this case the intestinal ulcer may well have been 
the first lesion, but the peritonitis seems to have been the first symptom. 

The other patient (18,572-5,078), a Greek male, was first admitted June 5, 1915, 
with a sharp pain in the right lower quadrant of three days’ duration. His 
bowels had not moved in that period, and his temperature was 99.2°—99.4°. 
His symptoms disappeared and he left against advice two days later. He was 
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readmitted August 2, 1915, with pain in the right iliac fossa of 3 days’ duration. 
Hedidnot vomit. Physical examination was negative except for slight abdom- 
inal distention and tenderness at McBurney’s point. No real rigidity was 
present, but there was voluntary muscular contraction. The temperature was 
between 98° and 99°, and white blood cells 16,300 with 87 per cent polymorpho- 
nuclears, one large mononuclear and 12 lymphocytes. The preoperative diag- 
nosis (house-surgeon) was “‘acute appendicitis.” At operation a large amount 
of clear amber-colored fluid was found. The visceral and parietal peritoneum 
was studded with tubercles. The appendix was removed and showed, micro- 
scopically, tubercles on its serosa (18,572). The temperature rose to between 
101° and 102° until the fourth postoperative day, when it went to 104°. The 
patient vomited. He became stuporous after the operation and died on the 
fourth postoperative day. Autopsy confirmed the clinical findings, including 
intestinal obstruction. 


The preponderance of males in these two groups (9 to 5) is considered of 
no significance, as it is more than balanced by the cases in which tubercu- 
losis is found in that later group which includes the peritoneum, intestines 
and female genitalia. The average age of the females was 23.3., of the 
males 25.8, and of both together 25.6 years. 

Of the 14 cases, seven were born in Italy, three in the United States but 
with Italian names, three in scattered, and one in an unstated country. 

In the cases with tuberculous involvement of the intestine and peri- 
toneum the temperature has a distinctly higher range than in those with 
involvement of the peritoneum alone. The daily maximum temperature 
was not below 99° in any case; 99°-99.9° in six; 100°-100.9° in two; 101°- 
101.9° in two; 102°-103.9° in one; and above 103° in three, with a maxi- 
mum of 103.6°. One half of the temperatures were below 100.3°, and 
the other half above this figure. 

The white blood cells were noted in 11 of the 14 cases. They were 
below 10,000 in one case (5,000), between 10,000 and 14,000 in five cases, 
and above 14,000 (with a maximum of 25,000) in five. 


TUBERCULOSIS OF INTESTINE (AND MESENTERIC LYMPH NODES) WITHOUT 
TUBERCULOUS PERITONITIS 


There are 8 cases in this group (see table 5). In four no involvement 
of the mesenteric lymph nodes was found, while in four others these 
nodes were involved. There are three females and five males. The 
average age of the former was 29.7, of the latter 26.4, and of both sexes 
27.8 years. Four out of the six with known nativity were born in Italy 
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or in the Unite: States and have Italian names. Three patients died in 
two days, seven days, and five months respectively, while three were alive 
four months, six months and three years respectively. 

In one autopsy (7,130), on a negress of 36, the only tuberculosis found 
was in the mesenteric lymph nodes. (Her death was due to a cardiac 
condition.) 

The maximum daily temperature of these 8 cases was: under 99° in 
two; 99°-99.9° in two; 100°-100.9° in two; and 102°--102.5° intwo. The 
temperature of half was above and of half below 99.4°. The tempera- 
tures were higher than in the case of peritonitis alone. 

The number of white blood cells was noted in 7 cases and varied from 
10,200 to 25,600. Five were between 10,000 and 14,000, and two were 
above 14,000. 


TUBERCULOSIS OF GASTROINTESTINAL AND FEMALE GENITAL TRACTS 


Nine cases are included in this group. The histories of six of these sug- 
gest that the intestinal lesions antedated the tubal ones. (Two cases also 
had pleural involvement.) The ages are 19, 21, 29, 33,35 and 44. (The 
average age is 30.) Two out of the four of known nativity were born in 
Italy. No evidence of peritonitis was found in one case (40,917), but at 
least localized involvement was found in the others. Two were alive at 
two and four years, while two died about two years after operation and 
the “follow up” on the other two is unknown (including the case without 
peritonitis which is recent). 

In 3 other cases the tubal involvement seems to have preceded that of the 
intestine and the peritoneum. These have been in an Italian-American 
girl of 6 (27,342), an Italian woman of 21, and an Irish woman of 28 years. 
The subsequent course of one is unknown, while two were living at one 
month and 20 months respectively. 


The first of these was an American-born girl with an Italian name, 6 years of 
age (27,342). She was admitted with one day’s history of acute abdominal 
pain. The temperature was 102.4°, and white blood cells 25,000 with 84 per 
cent polymorphonuclears. At operation an abscess was found and drained. 
The condition was thought to be secondary to an acute appendicitis. For 
seven months the sinus drained, and at a second operation the abscess was 
found to be located around the right salpinx instead of around the appendix. 
This was removed and found to be tuberculous. The girl was admitted eight 
months later (fifteen months after first admission), but no further operation was 
performed, although there were symptoms suggesting intestinal obstruction. 
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Five months later, 20 and 13 months after the two operations respectively, her 
general condition was found to be very good. This case is detailed because of 
the early age at which the salpinx was found to be involved. There was no 
generalized peritonitis, but only a peritubal abscess. 


The temperature range of these 9 cases is about the same as in the pre- 
ceding group. One registered 100°, while four were above this figure 
and four below it. The lowest was 98.6°, the highest 102.8°. 

The white blood cells in the 6 cases in which they were noted varied 
from 7,600 to 25,000, with half above and half below 14,800. This was 
also the average figure for the series. 


TUBERCULOSIS OF THE SALPINGES AND THE PERITONEUM 


There are 15 patients in which the tubal symptoms seem to have ante- 
dated the peritoneal ones. The age of occurrence is 15, 17 (40, 407-43, 
908), 21, 22, 23, 23, 23, 24, 24, 24, 25, 29, 31, 42 and 42, the average being 
26.1. (See table 2.) 

Five were born in Italy, three in Ireland, three in the United States 
(one with an Italian name), while three were scattered, and one was 
unknown. 

The temperature of 9 of these 15 cases was nuted as less than 100° on 
the day of admission and is thus next lowest to that of the uncomplicated 
tubal involvement. Two, however, were above 103°. 

In practically all, the surgical specimen consisted of both salpinges, 
frequently with the appendix. Six have no subsequent history largely 
because they were private patients. Six are known to have lived from 
one to six years and three died, one on the day of operation, one three 
months later, and one at an unstated date. 

Of the 15 cases the fimbriated ends of the salpinges are definitely noted 
as closed in two, but are clearly obliterated in the great majority of the 
others. Tubercles which are limited to the mucosa are found in two. . 
The mucosa and deeper layers are involved in 5 cases and in one tube of a 
sixth. In all but one of these the most definite lesions are in the mucosa. 

In 5 cases and in the second tube of the case noted above the lumina of 
the dilated tubes contain caseous material. In all of these there are tu- 
bercles in the deeper structures of the wall. In the other 2 cases there is 
an abscess, and tubercles are found, along with the less specific chronic 

inflammatory tissue. Tubercles are present in the mucosa of both. In 

summary, our slides show mucosal lesions in all of the salpinges, and in 
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fourteen of the fifteen the lesion seems more definite or further advanced 
in the mucosa than in the deeper layers. Predominant mucosal involve- 
ment is also found in the salpinges which are unassociated with tubercu- 
lous peritonitis. (See table 3.) 

Faulkner and Everett note (16) that all of the tubes in their fairly large 
series showed tuberculosis of the endosalpinx. We are not able to state 
at what level of the tubes our sections were made. Barbour and Watson 
(3) state that the mucosal tubercles are most numerous near the fimbri- 
ated extremity. 

We have, we believe, been fairly rigorous in our histological criteria of 
tuberculosis, and have omitted nine or more cases in which the lesions 
were indefinite or the slides could not be found in our files. Included in 
the latter number were 5 cases in which our predecessors made a definite 
diagnosis of tuberculous salpingitis. Four of these were in Italians and the 
age-group was about the same as in those with known histological findings. 
The foreign-body type of reaction, described by Denton and Dalldorf (14) 
from cases in part collected in this laboratory, seems to be characteristic- 
ally different from the cases which we believe represent true tuberculosis. 
We have, however, not been successful in finding tubercle bacilli in the 
relatively few recent cases in which search has been made. We have 
noted no reports of guinea-pig inoculations in this group. 


A fairly characteristic history is that of an Italian girl of 17 (40,407-43,908). 
She had had enlarged cervical lymph nodes, probably tuberculous, five years 
previous to admission. Her menses had started at 15 and had been normal. 
She had abdominal pain and vomiting a week before admission. The tempera- 
ture was 100°, and the white blood cells 9,200, with 76 per cent polymorpho- 
nuclears. The clinical diagnosis was subacute appendicitis. At operation 
(October 3, 1929) the left tube was found to be adherent to the sigmoid, and 
there was an “abscess cavity” filled with blood-stained fluid. The right tube 
was not recognized. Jelly-like “tubercles” were found in moderate numbers 
throughout the peritoneum. In the laboratory (40,407), the hollow mass was 
described as lined by thick dark-red spongy tissue. Epithelioid tubercles were 
found in the wall. She was readmitted in June, 1931, complaining of dysmenor- 
rhoea and menorrhagia of some months’ duration. No evidence of tuberculosis 
was found in the curettings (43,908). Aside from an insignificant incisional 
hernia, she was in satisfactory condition in October, 1931, working regularly, 
and had gained some weight. 

In a clinically different group of three proved cases peritoneal symptoms have 
antedated tubal ones. This group includes women of 22, 23 and 37 years. 
One was born in Italy, and two in the United States (one of these with an Ital- 
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ian name). The youngest patient had abdominal pain and distention of six 
weeks’ duration, but was living three years after salpingectomy. The slide 
showed tubercles in fat-tissue. The woman of 23 had tubercles scattered 
through the abdomen, but was alive ten years after salpingectomy. The slide 
showed tubercles especially in the mucosa. This was also the case in the 
woman of 37 years. A guinea pig inoculated from this case died with tuber- 
culous lesions. The subsequent history is not available. 


The experience of others as to the primary and secondary involvement 
of the tubes in relation to that of the peritoneum is discussed below. 


RENAL, PERITONEAL AND TUBAL TUBERCULOSIS 


The only patient belonging in this group is a married Italian woman of 40 who 
was first admitted in April, 1917 (21,294-21,911). She had had five children, 
the youngest 2 years old, and one miscarriage. Her past history had been of 
no significance until two months before admisson, when she had pain in the 
right side accompanied by vomiting and nausea, and also difficulty in retaining 
urine. On physical examination, a large mass connected with the right kidney 
was palpated. The temperature was 98.8°, and the white blood cells 12,000 
with 80 per cent polymorphonuclears. After thorough investigation, a right 
nephrectomy was performed. The kidney was found to be closely bound down 
in its bed. The pathological report showed tuberculous pyonephrosis (21,294). 
The patient was discharged three weeks after the operation, but continued to 
have pain in the right Jumbar region and was readmitted in December, 1917. 
At this time she reported a rather severe but dull pain in the right lower ab- 
dominal quadrant. (For the first time ulcerations were noted in the bladder 
around the right ureteral orifice on cystoscopic examination.) At abdominal 
operation the entire visceral and parietal peritoneum was found to be studded 
with tubercles. In the left tube were two nodules which almost occluded its 
lumen (21,911). Two and a half years after the last admission the woman 
complained of some pain after heavy housework, but was otherwise in good 
condition. 


TUBERCULOSIS OF PERITONEUM, TUBES AND LUNGS 


This group includes four cases. 


In one (26,931), a Greek woman of 38, the symptoms were first referable to the 
peritoneum and later an involvement of the salpinges and lungs was indicated. 
She was alive four months after operation. 

In a second (31,894), an Italian girl of 18, the tubal involvement was thought to 
be primary, while that of the peritoneum and lungs seemed to develop later. 
She was alive three months after operation. 
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In a Turkish woman of 24 (45,207), pulmonary symptoms, severe enough to 
necessitate thoracoplasty, had been present for a long time. The patient has 
recently had a tuberculous involvement of the peritoneum and salpinges. The 
latter show an acute purulent picture, in addition, within the tubes. The case 
is too recent for a “follow-up” note. 

In a Porto-Rican woman of 22 (37,539) the clinical symptoms pointed chiefly to 
tuberculous involvement of the peritoneum and salpinges. The intestine was 
torn at operation and death occurred 19 days later. Autopsy (6,550) confirmed 
the clinical findings and also demonstrated pulmonary tuberculosis. 


Multiple tuberculous foci, including the above organs, are discussed 
later. 


GYNAECOLOGICAL TUBERCULOSIS (OTHER THAN SALPINGEAL) AND TUBER- 
CULOUS PERITONITIS 


An American woman of 26 (18,584) had had a sound passed in another hospital, 
in an attempt to relieve sterility. The result was a perforation of the uterus 
and peritonitis which was operated on there. She came here a year and a half 
later and an adhesive tuberculous peritonitis was found. The temperature was 
100° and there were 16,800 white blood cells with 85 pez cent polymorphonu- 
clears. A small nodule from the wall of the ileum confirmed the diagnosis 
histologically. The woman left the United States apparently well, three 
months later. 


The diagnosis of tuberculous endometritis has not been made in this 
laboratory with any satisfactory definiteness. It has been suggested in 
four. In one the slide is not available. Ina second the structure of the 
tubercle is not diagnostic. In a third the history of a previous careless 
operation, at another hospital, suggests a possible foreign-body reaction. 
A fourth, and recent, case shows a suggestive picture, but guinea-pig 
inoculation of menstrual blood was negative for tuberculosis. None of 
th: se four cases had any evident peritoneal involvement. 


TUBERCULOUS SALPINGITIS, WITHOUT OTHER CLINICAL TUBERCULOSIS 


A majority of the cases listed as tuberculosis of the female genitalia in 
the clinical records of the two divisions has to be eliminated because of 
inadequate proof or misplaced slides. We are able to find only 12 defi- 
nite cases of tuberculous salpingitis without other tuberculosis. In gen-— 
eral, the age, race, and course of the cases in which the slides are not avail- 
able are comparable to that in which we have studied the slides. In the 
cases used the histological findings seem unequivocal. Attempts at stain- 
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ing some of the tubes for bacilli have met with no success. Slides showing 
foreign-body reaction, as noted by Denton and Dalldorf (14), are not in- 
cluded. As seen in table 3, the ages of the 12 women run from 22 to 48, 
the average being 29 years. One-half are over 28 years of age and one- 
half are below this age. It will be noted that one-third were born in 
Italy. 

A subsequent history could be got in only 9 cases, as one is a private 
case and two others antedated the establishment of “follow-up” records 
about sixteen years ago. Of these nine, one died of what was considered 
“ether narcosis.” Three were alive over eighteen months, the other 
five less than a year. In many cases no symptoms were complained of 
when the patients were last examined. The other operations were bilat- 
eral salpingectomies, but no. 34,989 was only unilateral. In 6 cases 
tubercles were found in the mucosa, in four chiefly in the mucosa but also 
in the deeper structures, and in two chiefly in the deeper structures. 

In an Italian girl of 24 (19,438-22,175) tuberculous salpingitis with 
bilateral removal was followed two years later by psoas abscess. No 
peritonitis was found at any time. 

Curtis (13) reports 5 per cent of his operative series of tuberculous sal- 
pingitis as unaccompanied by generalized tuberculous peritonitis. He 
states that occlusion of the fimbriated end by thickening of the mucosa is 
frequent but distinctly less usual than in gonococcus infections. 


TUBERCULOSIS OF LUNGS AND PERITONEUM 


There are 7 cases in which the clinical symptoms seemed indicative of 
primary pulmonary tuberculosis with secondary peritonitis. Four of these, 
women of 19, 24 and 50, and a man of 29, were operative cases. One 
died, and three lived two months, two and seven years respectively. 
A fifth was an autopsy case in a man of 43. The two similar cases with- 
out operation were a woman of 22 and a man of 44 years. One died, 
while the other lived two months. 

In 4 other cases the clinical findings suggested primary peritoneal tuber- 
culosis with subsequent pulmonary lesions. These were females of 19 
and 41 and males of 25 and 28 years. All were operated on. Three 
were living from seven months to three years while one died in four 
months. 

Three cases had symptoms of intestinal and peritoneal tuberculosis 
which antedated pulmonary tuberculosis. They were women of 18 and 
30 and a boy of 15 (22,154). Two were living at one and two years, while 
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the older woman died about a week after jejunostomy for intestinal 
obstruction. 


The last case mentioned is an Italian school boy of 15 (22,154) who was ad- 
mitted with a 12-day history of pain in the right lower quadrant, which had 
been treated with an ice bag. The pain disappeared but tenderness con- 
tinued. On admission the temperature was 103°, and there were 8,000 white 
blood cells with 70 per cent polymorphonclears. There was a scar, suggesting 
a healed empyema incision. The provisional preoperative diagnosis was acute 
appendicitis. At operation the peritoneum was found to contain about two 
quarts of serosanguineous fluid. Miliary tubercles were found on its parietal 
and visceral layers. The appendix and an omental tab were removed. The 
latter showed tuberculosis. The temperature came down to below 101° on the 
third postoperative day and below 99° by the 11th day. The local condition 
healed uneventfully but symptoms of pulmonary tuberculosis developed. A 
year after discharge the boy was alive but had not been working for the preced- 
ing six months. Although there is no evidence of primary pulmonary tubercu- 
losis in this case, that is to be considered as not at all unlikely. 

an American woman of 32 (26,050) had symptoms indicating intestinal, 
peritoneal, salpingeal and pulmonary tuberculosis. She died 15 months after 
operation. 

In two females of 6 and 22 years, apparently primary peritonitis was associated 
with intestinal obstruction and faecal fistula respectively, and there were also 
pulmonary signs. Death occurred in one year and ten days respectively. 


Summarizing the cases with involvement of lung, peritoneum, etc., 
there were found to be 11 females of an average age of 25.7 years, and 6 
males of an average age of 30.6 years. Four were born in Italy, three in 
the United States, but with Italian names, four others were born in the 
United States, and six were scattered, including one West Indian negro. 


TUBERCULOSIS OF PERITONEUM AND PLEURA 


Primary peritoneal tuberculosis with secondary pleural tuberculosis 
was not recognized. Wilson (40) reports one case of this distribution 
in 116 cases. 

There are 3 cases in which pleural symptoms were followed by peritoneal 
tuberculosis, including an Italian-American girl of 14 (18,666-42,560, see 
below), and an Austrian girl of 15 years. The latter was alive (“well’’) 
15 months after operation. A Porto Rican boy of 20, with proof by ani- 
mal inoculation from paracentesis fluid, belongs in this group but follow- 
up is not available. ' 
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A patient’s history from Dr. Hitzrot’s service is of especial interest be- 
cause of the long study upon three admissions to the hospital (18,666—42,- 
560) and because of the apparent disappearance of tuberculous lesions 
in the course of years. 


Her first admission was from May 11 to June 4, 1914. The patient, a school 
girl of 13, with a name indicating Italian family, entered the hospital with a 
history of five weeks’ shortness of breath. The white blood cells were 5,100 
with 60 per cent polymorphonuclears, 24 per cent lymphocytes, 9 per cent large 
mononuclears, 6 per cent transitionals, and 1 per cent eosinophiles. There was 
dulness at the right base and fluid was removed from the pleural cavity on two 
occasions. The temperature which had reached a daily maximum of 103° 
decreased to not over 101°. Several sputum examinations were negative for 
tubercle bacilli. No abdominal symptoms were noted. She was sent to the 
country. Early in August, 1914 (two months after leaving the hospital) ten- 
derness was noted for the first time in the right and middle portions of the lower 
abdomen. The bowels were regular and there was no vomiting. The patient 
thought she had lost some weight. She was readmitted to the hospital from 
August 25 to September 23, 1915. No definite signs of pulmonary involvement 
were found, but there were a few inconstant rales at the left apex and some dul- 
ness at the right base posteriorly. The abdomen was distended and showed 
semirigidity and a doughy sensation on palpation. The white blood cells were 
7,000, with 45 per cent polymorphonuclears, 41 per cent lymphocytes, 9 per 
cent large mononuclears and 3 per cent eosinophiles. The daily temperature 
varied between 99.4° and 101.4° on admission. Laparotomy was performed, 
and all of the intestines were found to be adherent to one another, their sur- 
faces red and oedematous. Sago-like tubercles were found in large numbers 
over the visceral and parietal peritoneum. Complete exploration of the abdom- 
inal and pelvic viscera was contraindicated by the adhesions and the danger of 
causing injury, and practically nothing was removed. The peritoneal cavity 
was sewed up without drainage. Durante’s solution was used in the muscular 
layers and small extraperitoneal drains were inserted. Two small pieces of 
tissue removed from the visceral peritoneum showed (18,666) muscular and 
connective tissue which contained miliary tubercles. Giant cells were abun- 
dant. The postoperative course was uneventful. After the first few days the 
temperature scarcely ever exceeded 100°. The operative wound healed by pri- 
mary union, and the patient was again sent to the Convalescent Home at White 
Plains (September 23, 1915). Three months later she was still in the country 
and feeling very well, and had gained 5 pounds. In February, 1916, she was 
much improved in physical appearance. The abdomen was soft, and showed 
no signs of fluid and no masses. The temperature was 99.2° (rectal). The 
wound showed slight keloid formation. Three years later (1919), four and a 


47 


TUBERCULOUS PERITONITIS 


half years after operation, the patient was reported to be in excellent health. 
She was married in about 1925. She seems to have gone to a private practi- 
tioner in 1930, complaining of sterility but in excellent health. Her menses 
had been regular. There had been no pelvic or other pain. The physician 
reported a tumor of the uterus. She was admitted for the third time in Octo- 
ber, 1930 (now a women of 29), with a temperature varying between 99° and 
104°. Physical examination showed no recognizable thoracic signs. The 
abdomen showed nothing abnormal except for the old scar and a fibroid uterus. 
At operation the peritoneum was found to be free from adhesions and there was 
no evidence of any lesion in the parietal or visceral peritoneum in the part of 
the abdomen exposed. The omentum was adherent to the parietal peritoneal 
wall, but not thickened or otherwise abnormal. No lesions were found on pal- 
pation of the stomach, gall-bladder or kidneys. The pelvic structures were 
all matted together. The tubes were twisted and swollen, and evidently had 
been the seat of an old inflammatory process, probably the tuberculous lesion 
of 1915. Two calcified nodules were found in the wall of the peritoneal cavity 
lateral to the left salpinx. Hysterectomy for a large “fibroid” and removal of 
both tubes and one ovary and also a prophylactic appendicectomy were per- 
formed. A mass of tissue was found which apparently represented an abdom- 
inal sinus filled with bismuth paste. Pathological study (42,560) showed no 
evidence of tuberculous peritonitis, but tubercles and caseation were found in 
the wall of the tubes, notably in the mucosa. The calcified lymph node 
showed nothing diagnostic of tuberculosis, although this was thought suggestive. 
A left femoral phlebitis was diagnosed on the 7th postoperative day, but this 
subsided. The temperature was 104.6° on the second postoperative day, but 
came down gradually to not over 101° by the 4th postoperative day and to well 
under 100° after the eighth day. Three months later the general condition 
was satisfactory (February, 1931) with no pain on abdominal or pelvic exam- 
ination. The patient has occasional “gas pains,” but has gained weight. 


Kennedy (22) reports a similar case with almost universal adhesions 
of the peritoneum, which was well 25 years later. Wilson (40) reports a 
history of pleurisy in 12 to 14 per cent of his cases of tuberculous peritonitis. 
Brown (9) refers to tuberculous peritonitis as in some cases representing 
one phase of involvement of the serous membranes. Hamman (19) re- 
ports involvement of more than one serous membrane in 29 to 35 autop- 
sies on cases of tuberculous peritonitis. 

Two other cases had pleural, peritoneal, and intestinal tuberculosis. 
In a woman of 26 of unknown nativity, pleural symptoms antedated the 
accumulation of fluid in the peritoneum and lesions in the intestine by 
almost three years. She was alive one month after the operation. 
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In the case which follows (from Dr. Pool’s service), the tuberculosis 
is presumed to have started in the pleura and subsequently to have in- 
volved the peritoneum and intestine. This cannot be definitely stated. 


A Russian (Jewish?) male of 23 (21,321) was first admitted to the hospital in 
July, 1912, complaining of cramps in the abdomen of 3 months’ duration and 
abdominal distention for the preceding 10 days. The temperature was about 
99°-100°. There were 8,500 leucocytes, with 72 per cent polymorphonuclears. 
Clear fluid was removed from one of the pleural cavities and also from the abdo- 
men at operation (local anaesthesia). There was some postoperative disten- 
tion but the surgical incision healed satisfactorily. Guinea pigs were inocu- 
lated, but survived. Eight months later he was readmitted, complaining of 
distention which had started in about two months after the preceding opera- 
tion. At this time a thickening of the globus major of the right epididymis was 
noted, but no operation was performed. In August, 1914, the man was ad- 
mitted for the third time with blood-count and temperature approximately the 
same as before. An Ewald meal was within normal limits. Operation was 
believed contraindicated by the patient’s good general condition. At the fourth 
admission, five months later, the presenting symptom was a left oblique inguinal 
hernia. There was abdominal distention, and a large amount of clear fluid was 
found in thesac. The course was the usual one for herniotomy, except for some 
breaking down of the superficial layers of the tissues and a resulting somewhat 
unsatisfactory repair. The patient was out of the hospital for two and a quar- 
ter years, but was admitted for the fifth time in May, 1917, complaining of fre- 
quency of urination. The ascites which was present caused little annoyance. 
The temperature was 99°-100°; and there were 25,000 white blood cells with 
86 per cent polymorphonuclears. At operation (May 22, 1917), about a quart 
of blood-tinged fluid was found in the peritoneal cavity. The caecum and as- 
cending colon were bound down in one large mass. The right kidney was some- 
what enlarged, but was not explored. A surgical specimen (21,321) from the 
omentum showed healing tuberculosis. On the sixth admission, over a year 
later (August-September 1918), the outstanding feature was paralysis of the 
legs, arms and diaphragm. No reference to any tuberculous process is found. 
The diagnosis was either multiple neuritis or poliomyelitis. The patient was 
admitted the seventh time in April, 1919, as there was pain running across the 
upper abdomen. X-ray examination showed adhesions around the stomach 
and some probable ones in the small intestine. The man died about February, 
1920, outside the hospital after a history of eight years’ duration. No autopsy 
was obtained. This case is described because of its long course. In spite of 
the negative animal inoculation it seems reasonable to assume that tuberculosis 
was present in 1912, eight years before the patient died. 
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TUBERCULOSIS OF THE PERITONEUM AND THE MENINGES 


This group includes 4 cases: 


An American-born girl of 25 years, of Italian stock, had effusive tuberculous 
peritonitis, with symptoms of five months’ duration and with a subsequent in- 
volvement of the meninges. She left the hospital alive. 

An Italian woman of 20 and an Austrian male of 32 had tuberculosis of the 
intestine, peritoneum and meninges. There is no “follow-up” on the former. 
The man, who had had abdominal pain for six weeks, died nine days after 
intestinal resection. 

In an Irish woman of 35, tuberculosis of the intestine and peritoneum was fol- 
lowed by symptoms and signs of tuberculosis of the meninges. There was also 
pulmonary tuberculosis. She died four months after admission to the hospital. 


TUBERCULOSIS OF THE PERITONEUM AND BONES 


In an American male of 44 (autopsy 5,029), tuberculosis of the vertebrae was 
followed by tuberculous peritonitis. Death occurred on the second day after 
operation. 

In a French woman of 27 (19,218), a tuberculous abscess of the peritoneum sub- 
sequent to salpingectomy (for perisalpingeal tuberculosis) and faecal fistula, 
was followed by tuberculosis of the sacroiliac joint. The woman was alive 
about two years after the first operation. 


MORE OR LESS GENERALIZED TUBERCULOSIS WITH PERITONITIS 


It is appreciated that many of the cases discussed above, being largely 
diagnosed by surgical specimens, may well have had much more extensive 
tuberculous involvement that was clinically apparent. In all but one of 
the following cases the diagnosis was made at autopsy. These were in 
our last 1,100 autopsies. It is probable that there were many other cases 
of tuberculosis of the various organs which were not indexed. There 
were fifteen with definite tuberculous peritonitis. The following is a 
summary of these. 


An Irishman of 51 (5,427) had abdominal pain of three weeks’ duration. When 
a trocar was used to tap the peritoneum, the intestine was punctured. At 
autopsy tuberculous ulcers were found in the intestine, and there was tubercu- 
lous involvement of practically all of the abdominal and thoracic organs. In 
our series we have found no other record of this complication, which has been 
emphasized by Grace (18). 

In 2 other patients, an Italian-American girl of 15, (6,185-32,890) and a Porto- 
Rican man of 28 (36,898), peritonitis was the presenting symptom, and this was 
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followed by faecal fistulae. The former was an autopsy case, while the latter 
died 2} years later with laryngeal tuberculosis. 


The other 12 cases will not be described separately, but represent tu- 
berculosis of the lungs and peritoneum. The intestines were notably 
involved in only 5 instances. The ages of the 2 females were 17 months 
and 30 years; and of the 10 males, 8 months, and 25, 31 (6,562), 35, 43, 46, 
46,47, 49 and 53 years. By race there were no Italians, and but one 
American with an Italian name, 5 other white Americans, 3 American 
negroes, 2 Greeks and one Irishman. 

A case such as the following may be of some interest in illustrating the 
tuberculosis which seems to have been primarily thoracic to the abdomen: 


A Greek male of 31 (6,562) had had difficulty in breathing for a month, and on 
admission an abscess-cavity was found to surround the left eighth rib in the 
axillary line. The temperature was 100.4°, and the white blood cells 6,400, 
with 80 per cent polymorphonuclears. Although the process was considered 
clinically as tuberculous, the sections gave no evidence of this lesion and chronic 
osteomyelitis was reported (37,108). The patient left the hospital after a 
month, but returned a month later, and died four months after the first ad- 
mission. Abdominal fluid injected into a guinea pig caused generalized tuber- 
culosis. At autopsy many adhesions were found in the right pleural cavity. 
Under the thoracotomy wound the left pleural cavity contained very thick 
tuberculous tissue. The lung, pleural cavity, pericardium and heart were fused 
together by a tuberculous process. Caseous lymph nodes were found in the 
mediastinum. The peritoneal cavity contained no notable amount of fluid, 
but there were large numbers of small tubercles, which were thickest in the dia- 
phragmatic region. Caseous lymph nodes were found in the mesentery, but no 
ulcer or other evidences of gastrointestinal tuberculosis deeper than the serosa 
were found on careful study. There were no adhesions of note. 


SUMMARY OF CLINICAL FACTORS 


Age: The average age of the patients with tuberculous peritonitis 
alone (table 1) is 15.2 years for females, 17.7 for males and 16.6 years 
for both sexes. That for involvement of the intestine and peritoneum is 
25.6 (with females 23.2 and males 25.6 years). The average age of the 
women with both gastrointestinal and gynaecological tuberculosis is 26.3 
years, while that for involvement of the salninges and peritoneum together 
(table 2) is 25.4 years. Only one autops, is included in these figures. 
The average age of the entire series is 23.1 years for females and 30.1 for 
males, or 25.6 years for both sexes. The clinical cases are lower and the 
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autopsy cases higher than this figure in general. These contrast with the 
maximum hospital-admission age of 36-46 years, and the average age for 


TABLE 4 
Cases with peritonitis 


SEX RACE PROGNOSIS 


> 


ORGANS INVOLVED 


whites 


United States-Italian 
United States; other 
United States; colored 
Other whites 

Other colored 

Other deaths 

Less than 1 year 

Over 1 year 

Lost track of 


Peritoneum; tubercles 
Peritoneum; tubercles and fluid. 
Peritoneum; tubercles, fluid and 
adhesions 
Peritoneum; no operation 
Peritoneum; lymph nodes 
Intestine and peritoneum 
Peritoneum and intestine 
Intestine, tubes, etc............ 
Tubes, etc., and intestines... .. 
Tubes and peritoneum 
Peritoneum and tubes 
Kidney, peritoneum and tube... 
Peritoneum, tubes and lungs. .. 
Gynaecological and peritonitis. . 
Lung and peritoneum 
Peritoneum and lung 
Peritoneum or intestine and lung. 
Lung, peritoneum and tube.... 
Peritoneum, intestine and lung.. 
Pleura and peritoneum 
Peritoneum and meninges... ... 
Peritoneum and bone.......... 
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39 28 |20 |23 | 4 |28 


United States-Italian = Born in United States; Italian name. 
United States; Colored = Colored, born in United States. 
United States; Other whites = Other United States whites. 


autopsies which is still higher. In New York City the number of people 
alive in each decade through the fifth is relatively constant. 
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These figures are generally in accord with those in the literature, which 
give 21 to 30 years as the maximum decade with 31 to 40 as the second 
decade in both clinical and autopsy statistics (Hamman (19), Wilson (40), 
Schlimpert (31)). Marfan (25) gives a younger age incidence with a 
maximum from 6 to 15 years. He stresses the rarity of tuberculous 
peritonitis in infancy. 

Sex: Our experience in this matter is in accord with that of numerous 
authors,—that the clinical cases of tuberculous peritonitis are three to four 
times more common in the female than in the male. There were 65 fe- 
males to 23 males in our series, or 73.8 per cent females, while the autopsy 
cases are much more common in the male. The hospital admissions are 


TABLE 5 
Cases of tuberculosis without peritoneal involvement 
SEX RACE PKOGNOSIS 
@ le 3 Living 
| 
ORGANS INVOLVED on 
2/2/28! | 
Intestines and lymph aodes.| 3 | 5 | 8 | 2 | 2 | 2 212/013 1245112 
Abdominal lymph nodes....| 1 1 1 0;1;0;0;0;0 
Intestines and tubes. ...... 1 1 1 0;0;0;1)0 
Tubes alone....... 
Tube and psoas...........| 1 0;0;0;0;0);1 


about 44 per cent females, so that the disproportion is accentuated. This 
relatively high female incidence seems especially notable after puberty. 
Hertzler (20) states that “many females recover spontaneously.” This 
seems to be the only adequate explanation of the discrepancy. There 
were only 5 autopsies in females with tuberculous peritonitis to 14 in 
males, making a percentage of 26.7 per cent females and 73.3 per cent 
males. Thirty-two per cent of autopsies performed in the hospital are 
in females, so that there appears to be a slightly higher autopsy incidence 
of tuberculous peritonitis in males than in females. Hertzler (20) sum- 
marizes a large series as showing three males to one female. 

Race and nationality: Using the same 58 relatively uncomplicated 
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cases of tuberculous peritonitis, we find (see table 4) that 20 were born in 

Italy and 13 were born in the United States but have Italian names. 
‘Vogether these make 56.9 per cent. Or, taking the 94 cases which in- 
clude all except the “generalized” tuberculosis as found largely in the 
autopsy material, 28 were born in Italy and 18 were born in the United 
States but have Italian names. These two together make up exactly half 
of the cases. (It will be noted that these 94 cases include only 6 autop- 
sies.) The Italians and Americans with italian names made up less than 
20 per cent of the admissions to the hospital in a recent tabulation. This 
percentage may well vary somewhat from year to year, but this factor 
does not seem to be of great significance. 

The high rate of tuberculosis of the peritoneum in Italians and Italian- 
Americans does not hold for autopsies. These two groups form practi- 
cally the same percentage of tuberculous peritonitis autopsies that they 
do of all autopsies. On the contrary, the colored race, with 6 of the 19 
autopsies showing tuberculous peritonitis, have a percentage incidence 
of 31.6 per cent, while the autopsies on negroes in the hospital form only 
5 per cent of the whole. 

I we are justified in generalizing from the small series, it seems sugges- 
tive that the generalized spreading tuberculosis is more common in the 
negro, while the transient tuberculosis with relatively good prognosis is 
more often found in the Italians and Italian-Americans. 

Cabot (11) notes that “tuberculous peritonitis is especially common 
among the Italians in Boston and its vicinity.” He also states that (10) 
tuberculous peritonitis is exceedingly common in young colored people. 
In this latter finding Faulkner and Everett (16) agree. 

Predisposing factors: Hertzler (20) states that his experience is in ac- 
cord with those who believe that tuberculous peritonitis attacks those 
without tuberculous history, who were previously healthy. Weare rather 
inclined to agree with this thesis, but cannot establish it definitely. Es- 
pecially in the older records, the family history is not definitely enough 
stated in our records for statistical purposes, but we have been struck by 
no unduly high family incidence. 

Clinical diagnosis and type of onset: Many of our cases show a fairly 
acute onset and a diagnosis of appendicitis, which turns out to be tuber- 
culous peritonitis, is fairly common. Also the preoperative diagnosis of 
hernia is by no means rare. A rapid onset of symptoms is not at all un- 
usual. Hertzler (20) believes that tuberculous peritonitis develops in a 
relatively short space of time. 
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Prognosis: The relatively good prognosis in our cases of clinically 
uncomplicated tuberculous peritonitis (see Shattock (34)) has been al- 
ready mentioned. Also the much graver significance of the various 
complications. Tuberculous lymphadenitis and enteritis seem to have a 
definitely worse prognosis than tuberculous salpingitis. Hamman (19) 
reported 51 per cent of his cases of tuberculous peritonitis as living and 
well at from 1 to 10 years. 

Treatment: In the great majority of our cases surgical excision of 
inflamed organs, notably the salpinges, has been performed when possible. 
The hygienic surroundings have been improved as much as possible, 
frequently by sending the patients to the country. Removal of tubercu- 
lous salpinges, appendices, etc. is advocated by Blake (5), Judd (21), 
Archibald (2), Mayo (26), and many others. 


DISCUSSION 


Incidence: In spite of increasing numbers of surgical-pathological speci- 
mens, the incidence of proved tuberculous peritonitis has decreased from 
an average of over 7 cases per annum in the first three years of this study 
to an average of less than three. The autopsy statistics are not compara- 
ble owing to an increased autopsy-rate in recent years. This decreased 
incidence of tuberculous peritonitis has been noted by Faulkner and 
Everett (16) and Soper (35), and is in accord with the incidence of tuber- 
culosis in general. 

The literature gives the incidence of tuberculous peritonitis in ail 
autopsies as from 0.5 to 3.5 per cent, with 43 in 8,800 as reported by 
Lewison, Freilich and Ragins (24), 71 in 7,000 by Grace (18), 108 in 8,048 
by Schlimpert (31), and 3.5 per cent by Bircher (4). 

This is perhaps somewhat a matter of definition. In the above series, 
a more or less generalized tuberculous peritonitis seems to be implied. 
Schwatt and Steinbach (33) give figures of intestinal ulceration in 65.3 
per cent of 199 autopsies, and state that there were areas of peritonitis 
overlying the ulcers in a majority of the cases, but there were only 7 cases 
of generalized tuberculosis. 

Regarding the percentage of tuberculous peritonitis in autopsies on 
cases of tuberculosis, Schlimpert (31) (in Dresden) reports only 4.6 per 
cent (108/2,173) and Lewison, e¢ al. (24) (in Chicago) 6.6 per cent 
(43/656), while others report from 10 to 16 per cent (30). It should be 
noted that in only 9 of Schlimpert’s 108 cases was tuberculous peritonitis 
the primary diagnosis. 
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In addition to the 109 cases of tuberculous peritonitis included in table 
4, there are 52 others in which the clinical diagnosis of the same condition 
seems fairly well established. In this group the females slightly out- 
number the males. The average age is rather higher than in the proved 
cases. 

As previously noted there were also many more cases of (clinical) tuber- 
culous salpingitis than those included in our group. 

In our series the intestines showed tuberculous lesions in 23 (three 
autopsies) of the 70 women with tuberculous peritonitis and in 18 (seven 
autopsies) of 29 men. This makes a total of 41 cases with demonstrated 
intestinal involvement in 109 cases of tuberculous peritonitis. Ten out of 
the thirteen autopsies showed intestinal tuberculosis. The tubercles 
were most frequentiy found in the submucosa just under the mucosa. 

Of the patients without tuberculous peritonitis, three out of 24 women 
and eight (2 autopsies) out of 27 men, had tuberculous lesions of the 
intestine, 11 in all of the total 51. 

In the 70 female cases with tuberculous peritonitis, the salpinges were 
involved 33 times, while in the 94 females without peritoneal involvement 
the salpinges were involved only 16 times (including two autopsies). 

Origin of tuberculous peritonitis: The development of tuberculous peri- 
tonitis without any other demonstrable primary focus in the body is cer- 
tainly a rare occurrence in completely studied cases. Schlimpert (31) 
found none in a large series. Blake (5) and Pincoffs and Boggs (30) be- 
lieve it unusual, and Borshke (6) agrees in giving its occurrence as less 
than 1 per cent of his cases. Our 18 cases of clinically isolated tuberculo- 
sis of the peritoneum include none studied by autopsy, so that other foci 
cannot be ruled out. 

Secondary peritoneal tuberculosis: In our series, as noted above, there 
has been a higher percentage of salpingeal than of intestinal involvement 
in women. 

Intestine: Schlimpert (31) gives the intestine as the principal source of 
tuberculous peritonitis, as in his autopsy series that organ was involved 
in 51.9 per cent (56/108) of the cases of tuberculous peritonitis. He con- 
siders the peritonitis secondary to the enteritis, rather than vice versa, 
because of the much higher incidence in the intestine. In 49 of the 56, 
he describes the intestinal wall as intact and postulates a spread through 
the lymphatics in these cases. Goldberg, Sweany and Brown (17) also 
emphasize the lymphatic spread. Seven of their 230 cases of tuberculous 
enteritis showed tuberculous peritonitis without perforation. Wilson 
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(40) agrees in believing that tubercle bacilli can go through the mucosa 
withcut leaving a recognizable lesion, but Ailport (1) disagrees with this 
thesis. 

Salpingeal tuberculosis: As regards gynaecological tuberculosis, it is 
generally established that the salpinges are the first organs attacked. 
Williams (39) notes that they are the primary gynaecological focus and 
may be the primary focus in the body. Boyd (8) says tubal tuberculosis 
is always secondary to some other tuberculous focus, which is frequently 
the lung or the bronchial lymph nodes. “The infection usually reaches 
the tubes by the blood-stream, occasionally through the ostium from a 
tuberculous peritoneum and almost never from the uterus.” Our find- 
ings substantiate the preponderance of tubal and the relative rarity of 
other gynaecological tuberculosis. This disproportion is presumably 
somewhat exaggerated by the relative ease of salpingectomy, but seems to 
bea very definite factor. Itisemphasized by Faulkner and Everett (16), 
who find the tubes involved in all of their cases, and the endometrium 
in half of them. Bonnet (7) believes that haematogenous infection of 
the salpinges is more common than the ascending type. Osler (29) and 
many other authors state that the salpingeal involvement, as a rule, 
antedates the peritoneal. Blake (5) believes the tubes the most impor- 
tant focus in the developmen: of tuberculous peritonitis. Dupré and 
Ribiérre (15) suggest a concomitant involvement of the tubes and peri- 
toneum. 

However, the absence of tubal involvement in cases with tuberculous 
peritonitis speaks against the tubes as the primary lesion of the two. 
Wilson (40), in a series of 79 women, largely studied from the operative 
specimens, it is true, found the tubes involved in only 11 (15 per cent). 
Our figure of the association of tubal tuberculosis with tuberculous peri- 
tonitis is almost 50 per cent. Schmorl (33) believes that peritoneal tuber- 
culosis precedes the salpingeal, and in this view we concur. As noted 
above, our own findings as well as those of others (3) (16) show a great 
predilection of the tubercles for the mucosa of the tubes, especially near 
their fimbriated ends. Bilateral involvement seems to be the rule. On 
a haematogenous basis this is difficult to interpret. 

We believe that these two views may be reconciled as follows: Tuber- 
cle bacilli gained the peritoneum from other sources, to be discussed below, 
and the draining action of the tubes removes the exudate and bacilli with 
resulting tuberculosis of the tubal mucosa. Then, we postulate that the 
peritoneum heals and the tubes remain as a focus of tuberculosis. The 
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healing of the peritonitis seems to be well authenticated in many cases. 
This explanation of the origin of salpingeal tuberculosis in no way modi- 
fies the desirability of surgical treatment by removal of the tubes, as ad- 
vocated by the majority of surgeons. In other parts of the body and in 
many other conditions, the primary aetiological source and the focus 
which prolongs the infection are entirely different. An important 
corollary of our thesis, if established, is that it might suggest an explana- 
tion of the relatively good prognosis of tuberculosis of the peritoneum in 
adult females, as indicated by the high operative and low autopsy statis- 
tics in this sex. 

It is of considerable importance to note that Grace (18) found no cases 
of tuberculous involvement of either the intestine or the salpinges in his 
series. 

Lymph nodes: As far as can be determined from the operative reports 
in our series, the lymph nodes seem involved in fewer instances than 
might be expected. The two cases in which they were notably involved 
and the bad results in them have been noted above. Of course the rela- 
tively low admission-rate to this hospital of infants and young children 
would tend to decrease notably the incidence of tuberculous mesenteric 
lymphadenitis. 

Contiguity: The cases in which tuberculosis is limited to the pleura 
and peritoneum are usually considered as due to lymphatic spread. 
(Schlimpert (31) gives this origin in 18.5 per cent of his cases.) This is 
certainly the most obvious explanation of the isolated tuberculosis of 
the two membranes, but a tissue susceptibility in them to a generalized 
blood-borne infection cannot be ruled out. Nothnagel (27) thinks a 
lymphatic spread more common than a haematogenous one. 

Blood-stream infection of the peritoneum is believed by many to be the 
predominant source of tuberculous peritonitis. Schlimpert (31) believes 
that this was the mode of spread from the lungs in 47 per cent of his se- 
ries. Voss (37) emphasizes this mode of spread. It seems to be favored 
by the experimental finding of a rather uniformly generalized lymphad- 
enopathy in experimental animals rather than a localized one. (Vide 
Krause (23), also quoted in (38), and the experimental work in that and 
many other contributions.) To us, the involvement of the peritoneum 
by way of the blood-stream seems most likely to be the chief mechanism. 

Location of tubercles of the peritoneum: In practically all of our cases of 
tuberculous peritonitis which can be adequately studied, the tubercles 
seem to be under the serosa. They seem to be miliary rather than sub- 
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miliary in type. Hertzler (20) believes that this type of tubercle repre- 
sents a more chronic process than the smaller more superficial lesion. He 
thinks that it represents a lymphatic spread. 


CHART 1~DEATHS (US. RECISTRATION AREA 1928) 
MALES 


N 


Cuart 1 


Effusion in tuberculous peritonitis: Opie (28) notes that of all types of 
tuberculosis the exudative reaction is best seen in the peritoneum and 
that this may be caused by proteins in very small amounts. We sup- 
pose that this is the explanation of the relatively acute onset of this type 
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of lesion. The spontaneous disappearance of peritoneal fluid is probably 
less rare than it is usually considered to be. 

United States mortality statistics: Chart 1 is plotted to show four fac- 
tors in the tuberculosis deaths in the United States Registration Area 
(1928), namely, those from tuberculosis in all forms and that in the 
gastrointestinal tract for each sex (41). The gastrointestinal deaths 
have been plotted on ordinates 50 times as large as the total deaths, so 
that, when the former represent 2 per cent of the latter, they are super- 
imposed. The abscissae represent five-year age-groups. It will be 
noted that tuberculosis in all its forms is more lethal to females before 
the age of 30, and to males after this age-period. Of more importance for 
our present study it will be seen that gastrointestinal tuberculosis repre- 
sents more than 2 per cent of all tuberculosis at all age-groups in the 
female. Inthe males intestinal and peritoneal tuberculosis are less mark- 
edly over this ratio; in fact, the curves cross at one age group. The fig- 
ures are based on 90,659 deaths from tuberculosis of all forms (46.7 per 
cent in females) and 2,740 deaths from tuberculosis of the intestine and 
peritoneum (53.6 per cent in females). 


SUMMARY 


1. A series of 109 proved cases of tuberculous peritonitis has been stud- 
ied. Ninety of these were clinical cases, and 19 autopsies. 

2. In 18 cases (all clinical cases) no other lesions were found. The 
follow-up in 13 of these indicates that 7 were living more than one year, 5 
less than a year, and one had died. 

3. The average age of the 11 females with clinically uncomplicated 
tuberculous peritonitis was 15.2 years, and of the 7 males 17.7 years. 
The average age of the 70 females in the entire series was 23.1, and of the 
39 males 30.1 years. 

4. Of our clinical cases 73.8 per cent were found in females, while the 
autopsy incidence was rather higher in males (after allowing for the higher 
rate of autopsies in the male). 

5. The incidence of clinical cases of tuberculous peritonitis in Italians 
and American-born people with Italian names was 2}% times that of the 
hospital admissions as a whole. (This group largely represented young 
women.) The autopsy percentage of tuberculous peritonitis was not 
elevated in these two classes, but was comparable to that in all diseases. 
We postulate that the high incidence yet relatively good prognosis 
indicates an intermediate degree of tuberculization. In negroes, on the 
contrary, the autopsy rate of tuberculous peritonitis was very high. 
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6. Tuberculous peritonitis seems to be definitely decreasing in this 
hospital (New York Hospital, New York City). 

7. The salpinges showed tuberculosis in 33 of the 70 women, and the 
intestines in 41 of the 109 cases. 

8. Our findings are believed to indicat: that the tubes are more often 
secondarily involved from the peritoneum than vice versa. 

9. Reference is made to the United States mortality statistics, which 
show that deaths from tuberculosis of the intestine and peritoneum are 
more than 2 per cent of those from all forms of tuberculosis at all ages, 
while the involvement of these organs in the male is quite close to 2 per 
cent. 
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THE EFFECTS OF VIRULENCE OF MICROORGANISM ON 
THE HISTOPATHOLOGY OF EXPERIMENTAL PUL- 
MONARY TUBERCULOSIS 


As Observed in Normal Rabbits Injected Intravenously with Tubercle Bacilli 
of High and of Low Virulence! 


E. M. MEDLAR anp K. T. SASANO 


We have reported in previous articles (1) (2) studies on the properties 
na of BCG (Bacillus Calmette-Guérin) grown under different environments 
k in vitro. Because of the fortuitous enhancement of virulence of one cul- 
. ture of BCG we have had the opportunity to study extensively and criti- 
cally the pathogenesis of the lesions produced in rabbits following the 
intravenous injection of bacilli from cultures of high virulence and of low 
virulence. These two cultures were originally the same. The only 
thing that has happened to bring about a difference in their pathogenicity 
was a change of environment im vitro. Having at our disposal a single 
strain of tubercle bacillus of different degrees of virulence has permitted 
us to study the effects of virulence on the pathological response in the 
Mf tissues. The age of culture, size of dosage, route of injection, length of 
v4 time following injection, and age of animals used, were all given due 
ie consideration in these experiments. The factors over which we had no 
‘a control were the individual resistance of the animal and the exact degree 
e of virulence of the bacillus. Our observations lead us to believe that there 
is a variation in the pathogenicity of both the virulent and nonvirulent 
cultures from transfer to transfer which cannot be foretold or controlled. 
The great difference between the virulence of the two cultures renders 
the smaller change of pathogenicity within each strain of minor signifi- 
‘ cance in our present consideration. The significant fact with these two 
a strains from the same culture stock is that every animal inoculated with 
Pe the virulent strain died within four months after inoculation, whereas 
iy not a single animal injected with the nonvirulent strain had died even 
two years after infection. 

In this study 40 rabbits were used with the virulent strain and twenty 


1 From the Hegeman Research Laboratory of the Metropolitan Life Insurance Company 
Sanatorium, Mount McGregor, New York. 
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with the one of low pathogenicity. All of the animals were given intra- 
venous injections. The dosage of the virulent strain varied from a few 
bacilli up to 1 mgm., while with the nonvirulent the amount injected 
varied from 10 to 50 mgm. In addition, we have included in this study 
30 rabbits that have been injected with other cultures of BCG of low 
pathogenicity grown for one or two transfers on the same kind of culture 
medium as that on which the strain of high virulence was cultivated. 

The strain of low pathogenicity has been grown constantly since it 
was received from the Pasteur Institute in Paris on a bile-glycerol-potato 
medium. ‘The virulent strain was cultivated on the same culture me- 
dium that enabled it to regain its virulence; that is, 10 per cent normal 
unheated rabbit serum added to a modified Sauton medium (1). 

In the present report the lesions found in the lungs are discussed. The 
pathogenesis of the tuberculous foci found in the various other organs 
differed in no essential from those present in the pulmonary tissue, giv- 
ing due consideration to the differences in the anatomical structure of 
the various organs involved. 

The pathogenesis of the pulmonary lesions produced following intra- 
venous injection of the virulent culture has already been fully presented 
in a previous article (2). The outstanding features were that the lesions 
were mainly of the nature of an acute inflammatory reaction, with 
abscess-formation predominating. In those rabbits which survived a 
sufficient length of time these abscesses ruptured into the bronchial tree, 
resulting in cavitation and extension within the lung tissue. The usual 
text-book description of the pathology of tuberculosis, that is, tubercle, 
giant cell, etc., was but little in evidence. 

The rabbits injected with cultures of low pathogenicity were used 
either as controls for the experiments with the virulent culture or to de- 
termine whether the culture was remaining relatively nonvirulent. A 
series of 6 rabbits was injected intravenously with 10 mgm. on the same 
date and these animals were autopsied at forty-eight hours and ten, 
twenty, forty, eighty and one hundred and twenty days after inoculation. 
The remainder was terminated as follows: 6 months to 1 year, 26 rab- 
bits; 1 to 13 years, 14 rabbits; 2 years, 4 rabbits. All of the animals had 
remained in good health following their inoculation, and appeared normal 
and healthy when killed. 

The gross pathology of the lungs in the series of 6 rabbits comprised 
numerous discrete pin-point tubercles in those examined postmortem 
at 20, 40, and 80 days, while the animals autopsied at 48 hours, 10 days 
and 120 days showed no gross lesions. 
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Thirty rabbits, six months or longer after inoculation, showed no gross 
pulmonary lesions, while fourteen showed tubercles. The number and 
size of the lesions varied to some degree and did not seem to bear any 
direct relation to the length of time which had elapsed from the date of 
inoculation to the date of death or to the size of the dose inoculated. 

The number of lesions was never great. They varied from one to 20 
discrete nodules in each lung. In size they ranged from pin-point to 
2 mm. in diameter. The largest lesions were scarce; no lung ever had 
more than half a dozen, and they always had a yellowish central zone. 

For histological study 4 to 12 blocks of lung tissue from each rabbit 
were embedded. Sections from these blocks of tissue were stained with 
carbol-fuchsin and with haematoxylin and eosin. 

Since the histopathological picture as a whole is to be compared with 
that produced by the virulent infection, a general summary of the find- 
ings will be given instead of protocols on individual animals. The least 
common of all lesions was the abscess, or caseous type. When these 
were present they were always well circumscribed and showed a rather 
heavy zone of lymphocytes around the periphery, with a zone of epithe- 
lioid cells between the lymphoid zone and the caseous area. These 
were invariably the largest tubercles present. 

The most common type of lesion found was a small collection of 
lymphocytes in an area of increased fibrous tissue. Such areas often 
had a few epithelioid cells or a small foreign-body giant cell. In animals 
which had lived a year or longer after inoculation the giant and the epi- 
thelioid cells commonly contained a considerable number of dust granules. 

Many of the larger lesions proved on section to be accumulations of 
lymphocytes with a moderate number of epithelioid cells and with one to 
a dozen foreign-body giant cells in an area of lung tissue which showed 
marked increase of fibrous tissue. 


PLATE 1 


The predominant type of inflammatory reaction caused by virulent BCG, 0.05 mgm. injected 
intravenously into rabbits 


Fic. 1. A microscopical abscess in the lung five days after injection. The abscess contents 
are already being discharged into the alveolar spaces to the right. This break in the abscess 
was present in but one section 10 mu thick. Bacilli were easily found but were not numer- 
ous. X 500 

Fic. 2. Two tuberculous abscesses 10 days after injection. The one to the right is eroding 
a bronchial wall. The difference between these lesions and the one in fig. 1 is largely a matter 
of the size of the abscesses. Bacilli were Present in large numbers. X 200 
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Another type of lesion occasionally found was the text-book picture of 
a tubercle with a giant cell in the centre. Such foci were never observed 
in the lungs infected with virulent bacilli. 

Epithelioid tubercles, with considerable lymphocytic infiltration in the 
periphery and without caseation or giant-cell formation, were more 
frequent than was the classical picture of tubercle. Often the epithelioid 
cells in these tubercles were heavily laden with dust particles. 

Small scars with slight to no lymphocytic infiltration were commonly 
encountered and solitary foreign-body giant cells were occasionally ob- 
served in the examination of sections from lungs which showed no gross 
lesions. 

A calcified tubercle, completely encapsulated, was occasionally found 
during the course of study. Old pleural adhesions were often observed. 
The tissues adjacent to the healed and healing tuberculous lesions were 
usually emphysematous. 

A careful search for tubercle bacilli was made in all sections. The 
only lesions in which they could be demonstrated were those in which 
the inner portion was occupied by neutrophilic leucocytes, or by 
caseous material. Here the bacilli were in colony formation which 
suggested that they had grown im situ. On one occasion in two 
microscopically adjacent tubercles one tubercle contained a colony 
of bacilli and the other had no demonstrable bacilli. The one which 
had the colony of bacilli had neutrophiles surrounding the micro- 
organisms, while the one without bacilli had giant cells in the central 
portion. 

It is of interest that in one rabbit autopsied two years after the intra- 
venous inoculation of 10 mgm. of BCG three circumscribed pulmonary 
lesions with caseous or necrotic centres were found. Each of these con- 
tained a large colony of acid-fast bacilli in the central portion. 


Plates 2 to 6 show the histopathology found in normal rabbits infected with BCG of low 
pathogenicity 


PLATE 2 


Fic. 3. Tuberculous lesion in rabbit lung one year after inoculation. Two adjacent mi- 
croscopical tubercles. The one to the left shows giant cells and no bacilli. The one to ihe 
right shows a colony of acid-fast bacilli with neutrophiles adjacent. Outside these areas 
there is a zone of monocytes; then a zone of lymphocytes. Such lesions were very rarely 
found in rabbits infected with BCG of low virulence. X 200 

Fic. 4. High power of colony of bacilli and neutrophiles from tubercle to right in figure 
3. X 800 
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DISCUSSION 


The interpretation of the different phases of histopathology found in 
tuberculous tissue is rendered difficult because of the various factors that 
play a part. To obtain the most accurate idea of the significance of any 
tuberculous lesion it is desirable to determine which factor or factors 
have played the dominant réle. It is conceivable, and probably true, 
that an identical picture may result from conditions in which different 
factors determine the outcome. It seems plausible, therefore, that wrong 
deductions may be inferred unless this interplay of the dominant factors 
be correctly understood. To us the following are the factors of impor- 
tance: 


1: The age of the host and its relative susceptibility or resistance, natural or 
acquired, to infection. 

2: The degree of virulence of the infectious agent. 

3: The route of infection. 

4: The relative amount of infectious material inoculated. 

: The time elapsed after infection. 


If the tuberculous lesions found in human tissue are controlled by the 
factors enumerated above, then it seems to the authors that it is proper 
to interpret them in the light of the lesions observed in experimental 
animals where most of the factors can be controlled. In other words, 
it seems probable that these factors in human tuberculosis are the same 
that apply to animal tuberculosis. We are of the opinion that a consider- 
able amount of erroneous interpretation of the pathogenesis of tubercle 
and of the essential difference between primary and secondary infection 
has appeared in the literature in the past because of failure to properly 
consider the interplay of the factors given above. 

We do not here enter into a discussion of these various factors; rather, 
it is our purpose to stress the importance of one factor, namely, virulence, 
which in our opinion has not in the past received sufficient attention. We 
refer to the comparative pathological changes in those rabbits inoculated 
with BCG. 


PLaTE 3 


Fic. 5. A rare type of lesion found in rabbits infected two years previously. It shows a 
suppurating caseating centre with monocytic and lymphocytic zones. Note the large colony 
of bacilli at the upper edge of the abscess. X 200 

Fic. 6. A common type of lesion found in low-virulent infection. One year after in- 
fection. Composed of giant cells, monocytes, lymphocytes and an increase of fibrous tissue. 
No bacilli could be demonstrated in such lesions. X 200 
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In the experiments which we have reported above we had a unique 
opportunity, that is, to study the disease preduced by a single strain of 
tubercle bacillus in a state of very low and also ot very high pathogenicity. 
We are well aware of the criticism (3) which has been made of our find- 
ing of a virulent BCG, which has been regarded as a contamination (i). 
We wish to state here that our experiments were very carefully controiled, 
and we believe that our results are beyond the kind of criticism that has 
been offered. No one yet knows what controls the pathogenicity of the 
tubercle bacillus; neither do we know in what features the bacillus of 
high virulence differs from the one of low virulence. However, there is 
one significant fact that we do know. When a few bacilli from one cul- 
ture of BCG of high virulence were injected intravenously into a normal 
rabbit, death from tuberculosis always ensued within three or four 
months, whereas amounts of irom 10 to 50 mgm. of the same bacillus of 
low virulence injected intravenously into normal rabbits of the same size 
anc stock have never caused death or progressive and spreading disease 
up to two years after inoculation. 

In our discussion of the essential pathological differences caused by 
these two strains of the same organism we recognize that we were unable 
to control two factors. ‘The first is that of the individual resistance of 
normal rabbits of the same stock and litter. This factor is undetermi- 
nabie beforehand. In our present report it is of minor importance because 
in no instance was the individual resistance sufficient to prevent the 
bacillus of high pathogenicity from causing death, nor was tie individual 
susceptibility so great as to enable the bacillus of low pathogenicity to 
produce spreading disease and death. 

The second factor which we recognize as beyond our control is that of 
the exact degree of virulence. From rather extensive work with these 
two cultures we feel convinced that there is a certain variation in the 
pathogenicity of each culture from one transfer to another. However, to 
distinguish between the factors of resistance and of slight changes in 
virulence was impossible. The extent of this variation in pathogenicity 


PLATE 4 


Fic. 7. A monocytic tubercle with a small caseous centre and lymphocytic periphery. 
Six months after infection. No bacilli could be demonstrated. The necrotic centre will 
probably be the site of a giant cell at a later date. XX 200 

Fic. 8. A classical tubercle. One year after infection. No bacilli could be demonstrated. 
A retrogressive healing lesion. Note that the position of the giant celi corresponds to the 


necrotic centre in fig. 7. 2% 
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The lesion corresponding to the text-book descriptions of tubercle was 
seldom seen. Lymphocytic infiltration, calcification or fibrosis was very 
little in evidence. 

The type of pathologica! <amge which was found as the response to 
the virulent tubercle bacillus leads us to question seriously the validity 
of the distinction which is being made at the present time between the 
respective reactions to first infection and to reinfection in human beings. 
We also believe that an attempt to distinguish pathologically between 
the childhood infection and that of adult life is not in accord with the 
experimental evidence. Involved in this question is the phenumenon of 
allergy. It has usually been maintained with some degree of correctness 
that an allergic animal responds to reinfection by an exudative or acute 
inflammatory reaction, and that a nonaliergic or first infection animal 
reacts by a productive or a chronic inflammatory response. There is no 
question relative to the fact that a Koch phenomenon can be elicited in 
an infected animal with a moderate dose of bacilli and cannot be produced 
in a noninfected animal. However, the stateraent that acute inflamma- 
tion in the tuberculous is a phenomenon dependent upon allergy can be 
seriously questioned. We have shown here that acute inflammation can 
be the response to very virulent tubercle bacilli in normal nonallergic ani- 
mals. This places the influence of virulence on a par with the allergic 
state of the host whenever the pathology of reinfection is to be considered. 

Another phenomenon thought to be characteristic of adult or reinfec- 
tion tuberculosis in man is the production. of cavitation in thelung. Here 
again our experiments throw consideraie doubt upon the validity of in- 
terpreting cavitation as a phenomenon found only in reinfecied allergic 
individuals. All of our rabbits infected with a small number of virulent 
bacilli lived for three or four months, 2nd in the large majority of these 
animals cavitation of the lung was present. With larger doses the ani- 
mals succumbed before more than microscopical cavitation could occur. 
Cavitation, whether in an allergic or nonallergic host, and whether in 
first infection or in reinfection, is possible only through the production of 
an abscess and later through ar evacuation of its contents. From our 
observations it would appear that the virulence of the tubercle bacillus 


PLATE 6 


Fic. 12. High power of fig. 11 showing heavy infiltration of lymphcecytes. X 1000 

Fic. 13, A healed tuberculous !esion showing an old pleural adhesi«t: in the right centre. 
Note the scar tissue, very slight lymphocytic infiltration and the emphysematous lung tissue 
in the upper part. X 100 
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and the lapse of time are very important factors in the production of 
cavitation. We are convinced that it is inadvisable to consider that 
allergy is the prime factor in promoting acuté inflammation in tu- 
berculosis. 

It may be argued that since an allergic state develops in from eight to 
twelve days, and since in our rabbits cavities of macroscopic size were 
not seen within two months, the cavity-formation occurred in allergic 
soil. We do not question the fact that when these were observed they 
were in animals which had become allergic. In the normal rabbit we 
have observed microscopical abscesses from which the contents had be- 
gun to be discharged within five days after injection of virulent bacilli. 
This had occurred before an allergic state was manifest; in fact, the re- 
action was of an acute inflammatory nature right from its inception. 
There seemed to be no essential difference in the type of cellular response 
early or late in the disease process. The difference between the dis- 
charging microscopic abscess and the cavity large enough to be seen by 
the naked eye seemed to be largely a matter of the size of the lesion. 
Granted that an allergic state had been established before the larger 
cavities were produced, still there was a similar pathological process of 
smaller dimension established prior to demonstrable hypersensitiveness. 
This being true, we are of the opinion that cavitation, whether micro- 
scopic or macroscopic in size, is not necessarily dependent upon the 
presence of an allergic state. If abscesses had not been observed until 
two weeks after the inoculation then the subsequent development of 
macroscopic cavitation would to us seem dependent upon the establish- 
ment of allergy. In any instance, the cavity results from the predomi- 
nant réle played by the neutrophile and its proteolytic enzyme. 

The cytological response elicited by the introduction of the bacilli of 
low pathogenicity corresponded closely to that of the virulent bacilli up 
to the first forty-eight hours. After that the reaction was very different. 
Instead of the neutrophile playing a predominant réle the monocyte, 
and later the lymphocyte, became the chief cell. Monocytic tubercles 
with slight to moderate lymphocytic infiltration were common after 
two to three weeks. In some instances solitary foreign-body giant cells 
revealed a focus where bacilli had evidently lodged. Classical tubercles 
with giant cells were quite often seen. In short, the successive phases 
may be said to be in the following order: 1, monocytic response—tu- 
bercle-formation—foreign-body giant-cell formation; 2, lymphocytic re- 
sponse; 3, fibrosis with eventual scar-formation. These reactions are 


EFFECTS OF VIRULENCE 77 


very striking when one considers that many more bacilli were injected 
into these rabbits than in those infected with the virulent bacilli. 

One fact of significance to us in the cytological response noted above 
seemed to be that typical tubercle,—a collection of epithelioid cells set in 
a reticulum, often with a giant cell in the centre, a tendency to caseate 
and a zone of lymphocytic infiltration in the periphery,—represents a 
retrogressive healing stage in the pathology of tuberculosis. In our ex- 
periments this result has been obtained as a reaction to bacilli of low 
virulence in normal animals. This type of lesion is also often encoun- 
tered in vaccinated animals reinfected with virulent bacilli. In human 
beings this same form of tubercle represents, in all probability, a retro- 
gressive lesion in the response of an allergic host to a very few virulent 
tubercle bacilli. Such lesions certainly are indicative of an increased 
resistance of the host if one may judge from the paucity of tubercle bacilli 
in them. 

The contrast in the pathological changes elicited by the same strain of 
tubercle bacillus of different degrees of virulence demonstrates that the 
virulence very markedly influences the type and rapidity of cellular 
response in the tissues of normal animals. The absence of definite cri- 
teria for determining the degree of virulence of the tubercle bacillus 
renders any correct estimation of this important factor extremely difficult, 
if not impossible, at present. Because of this state of affairs the present 
distinction between a primary infection and reinfection, and between 
childhood and adult tuberculosis, seem to us to be founded on insufficient 
evidence. 

Unquestionably, whatever type of cellular reaction seen in tuberculous 
lesions is Nature’s protective response to the irritation of the tissues. 
The injury in all probability consists of a chemical alteration. It seems 
logical that the type and severity of this chemical change should deter- 
mine the type and the intensity of cellular response. When considered 
from this point of view the phases of pathology discussed above indicate 
that the neutrophile plays the important réle where the tubercle bacillus 
has damaged the tissue most severely and the monocyte and lymphocyte 
respond to the less severe tissue alterations. In other words, the neutro- 
phile predominates in the lesions caused by the virulent tubercle bacillus 
because of the more severe type of tissue damage. And the bacilli of 
low pathogenicity, causing a less severe tissue alteration, call forth a 
response on the part of the monocyte and lymphocyte. In our experi- 
ments it is notable that these reactions occurred in normal nonallergic 
rabbits. 
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The cellular response in the tissue of a previously infected host,—that 
is, the response of reinfection and of allergy,—does not differ in type from 
that in the normal and nonallergic. The reaction may be more rapid and 
more intense in the allergic, but such is not always the case. The in- 
creased resistance of the host may enable it to prevent the most severe 
type of chemical injury to the tissue, or to change this reaction to a less 
severe type in some areas of infection, while in other areas the worst type 
of injury is produced and maintained despite allergy or resistance; con- 
sequently one finds in reinfection with virulent bacilli a variety of le- 
sions which range from collections of lymphocytes through classical 
tubercle to typical abscess-formation. The final outcome of a tubercu- 
lous infection, whether on allergic or nonallergic soil, depends upon the 
ability of the host to change the demand in the lesions from neutrophiles 
to monocytes and then to lymphocytes. If the demand is permanently 
shifted from neutrophiles to lymphocytes then recovery ensues; if not, 
the disease progresses. In the ebb and flow of the battle the deciding 
factor will be the relationship established between the virulence of the 
tubercle bacillus and the resistance of ‘its host. 

Since all tuberculous lesions are inflammatory in nature (2) most of the 
cells participating in the process must of necessity pass through the 
circulating blood. We agree with Harvey and Hamilton (5) that “The 
peripheral blood picture is the image of the focal lesion, whatever be the 
nature of the irritant.”” In other words, the status of the pathology of 
tuberculosis is reflected in the circulating leucocytes (6). 


CONCLUSIONS 


1. A comparison of the histopathology caused by the same strain of 
tubercle bacillus in the state of high and of low virulence is made. 

2. The virulent bacilli caused an acute inflammatory response in the 
normal nonallergic rabbit wherein the neutrophile predominated. 

3. The bacilli of low pathogenicity called forth monocytes and lympho- 
cytes, thus giving an inflammatory reaction of a chronic type. 

4. In normal, nonallergic rabbits abscesses, caseation and cavitation 
were regularly produced in animals infected with bacilli of high virulence, 
while tubercle, giant cells, lymphocytic infiltration and fibrosis were 
predominant in those infected with bacilli of low virulence. 

5. Classical tubercle is a retrogressive healing lesion. As such it is 
found in virulent infections on allergic soil, or in nonvirulent infections on 
nonallergic soil. 
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6. The present distinction between the pathology of first infection and 
reinfection is open to serious question because the degree of virulence 
and dosage of the infectious agent are not duly considered. 

7. The same criticism may be justly made of the distinction drawn 
between tuberculosis in the child and in the adult. 
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STUDIES IN THE NATURAL HISTORY OF PHTHISIS 
ELI GRIMES! 


Felix qui potuit rerum cognoscere causas 


Study, One 


A farmer and his wife, both well and strong, neither of a tuberculous 
family, had twelve children. When the sixth child was five years old, 
an elderly uncle of the father came to make his home with the family. 
He was suffering from asthma. He lived in the house with the family 
until his death, when the twelfth child was two years old. The sixth 
child died of consumption at the age of twenty-eight; the seventh when 
he was twenty-four; the eighth, ninth and tenth before they had reached 
the age of twenty. The eleventh and twelfth, both girls, died of con- 
sumption, one after marrying, without bearing children. 

Here, for some reason, was a clean sweep by pulmonary tuberculosis 
of the seven younger members of a family. 

The first, second, third, fourth and fifth children survive. The third 
and fourth, a daughter and son, married respectively a tuberculous hus- 
band and wife, both of whom died between thirty and forty years of age, 
but neither the daughter nor the son contracted the disease. They are 
still living and well, the daughter seventy-one and the son seventy 
years of age. 

What is the analysis of this history? The first inference is that con- 
sumption is the result of exposure in childhood, and that unless an indi- 
vidual is exposed at an early age, he does not develop the disease, as 
evidenced by the fact that the older children who were also exposed did 
not contract tuberculosis. The second inference would be that exposure 
in youth, later than early childhood, protects against subsequent fatal 
exposure. Two of these children, who were exposed in youth, married 
tuberculous individuals, but did not contract the disease. 

In this remarkable family other factors besides the massive infection 
from an old uncle must be considered. In a family of many children 
born in rapid succession there is a progressive tendency to feebleness of 
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growth, more pronounced in each succeeding child. ‘Feebleness in 
growth is characterized by enhanced sensibility and enhanced fatig- 
ability” (1). In this family, with whom the writer was well acquainted, 
there was a gradual decrease in the adult size from the fourth child to 
the twelfth; the average adult weight of the four older children was 140 
pounds, and that of the younger was never determined, but as children 
they were the smallest and puniest of their age in a large, old-fashioned 
country school. 

Is it not reasonable to assume that the havoc wrought by tuberculosis 
was due to congenital feebleness? A study of this family justifies the 
conclusion that phthisis is conditioned on a factor other than infection. 
This family is a definite example of congenital susceptibility. 


Study Two 


The second family, all of whom were well and strong, with no history 
of tuberculosis in either parent’s family, and no evidence of exposure, 
took up their residence on an Iowa farm. There were three children, 
aged sixteen, twelve, and eight years. The sixteen-year-old girl con- 
tracted measles and transmitted the disease to her mother and the two 
younger children. Two years later both she and her mother died of 
pulmonary tuberculosis, and eight years later the older of the two sur- 
viving children died from the same disease. The youngest of the three 
never developed evidence of the disease, although massively exposed. 
The inference in this case is that measles occurring after twelve years of 
age in some way breaks down the resistance to tuberculosis. 

Coming within the same study is a family consisting of the parents and 
four children, with no known case of tuberculosis in the family-tree. 
When the youngest child was fourteen years of age, the father was dis- 
covered to have consumption. At this time the two older children, six- 
teen and eighteen years of age, contracted measles while away at school. 
Neither of them fully regained his health, and both died of pulmonary 
tuberculosis a few years later. The two younger children survived with 
no symptoms of the disease in later life, although more massively exposed 
than the two older, who died. It is evident that there are infections other 
than measles during the activity of which there is a biochemical upset 
specifically related to tuberculosis, and, if the individual is a potential 
subject, consumption may result. The epidemic of measles in the camps 
of United States soldiers in 1917 and 1918 was found to have activated 
tuberculosis in 2.90 per cent of the measles cases (2). 
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The relation of measles to tuberculosis depends upon the age at which 
the measles occurs. These two families demonstrate an acquired sus- 
ceptibility, due to a pathological cause. 


Study Three 


A farmer and his family took up their residence on a prairie farm. 
There were four children, all girls, the youngest four years of age when 
they settled in their new home. The man and wife were both strong and 
vigorous and there had been no known case of tuberculosis in either 
family. After four years the man met an accidental death, and the 
widow and daughters continued to run the farm, without male help. 
The daughters did the work of men and attended a country school ‘three 
months in the winters until they were sixteen years of age. They had 
very few associates. The oldest daughter married at the age of eighteen. 
She bore three children and died of consumption at the age of twenty-six. 
The second daughter married at the age of twenty, never bore children, 
and remained in good health.. The third married at twenty-five, bore 
six children, and died of consumption at the age of forty-two. The 
fourth never married, and never developed tuberculosis. 

Massive infection can be ruled out in these cases, but, granting that it 
was present, it was not operative except in the presence of another factor, 
that of child bearing. In a high percentage of tuberculous women, the 
onset of the disease is dated during pregnancy (3). 

This family demonstrates a susceptibility due to physiological stress. 


Study Four 


Two brothers, born of a tuberculous mother, married early in life. 
One married a woman whose mother had died of tuberculosis; the other 
married a woman of a nontuberculous family. There were three chil- 
dren in each family. All three children of the mother who was of a non- 
tuberculous family later died of consumption. All three children of the 
mother who was of a tuberculous family survived and never developed 
the disease, although the mother died of tuberculosis at the age of fifty- 
four. Both of the men died of tuberculosis before they were forty-five 
years of age. ; 

What is the analysis of such a history? Why did the children of 
the nontuberculous mother die, while those of the tuberculous mother 
escaped the disease? Is it not evident that. the woman who was a 
tuberculous mother lived past middle age because her mother had given 
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her an immunity and that she, in turn, passed the immunity on to her 
children? The inference is that the daughter of a tuberculous mother 
may confer upon her children a substantial immunity, although she 
herself dies vf consumption later in life. What is the nature of this 
immunity? Is it a natural immunity conferred by the mother, or is it 
an acquired immunity due to the mother’s milk containing the tubercle 
bacilli? There is no immunity except in the presence of tubercle (4). 

There lived on a prairie farm a brother and sister whose mother had 
died of consumption. They married, respectively, a sister and brother 
of a nontuberculous family. The girl bore four children and died of 
tuberculosis when the fourth child was two years old. The four children 
were then taken into the home of the brother’s family of three children. 
The brother later died of consumption when his youngest child was eight 
years old. The tuberculous mother’s oldest child died of consumption. 
All of the tuberculous man’s children later became consumptive and 
died. The only surviving children of the two families were the three 
youngest of the tuberculous mother. 

What is the analysis of such a history? We note, first, that the 
woman who was the daughter of a tuberculous mother evidently had 
inherited a certain degree of immunity, since she lived to bear children. 
Her child-bearing, however, broke down her immunity and she died of 
tuberculosis, but she gave to her children a higher degree of immunity, 
so that three of them escaped, although massively exposed for a long 
period of time. The man, on the other hand, who was the son of the 
same tuberculous mother, died of tuberculosis, and all of his children 
died of the disease. The inference in this case is that the immunity is 
handed down on the mother’s side more than on the father’s. In the 
study of many families this conclusion was verified. The question of 
whether this is a natural or an acquired immunity is still unanswered. 


Study Five 

A country merchant and his wife, neither of a tuberculous family, had 
three children. At the birth of the third child, the mother and baby died 
from complications incident to childbirth. One year later the man 
married the housekeeper who had been with the family for ten years. 
Four children were born. When the youngest was five years old, the 
mother died of consumption. 

The story of these two groups of children is this: The two of the first 
group both died from tuberculosis before they were twenty-one years 
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old; of the second group of four children, a daughter, the oldest, died of 
tuberculosis at the age of thirty-eight, leaving two children, aged fifteen 
and twelve, neither of whom developed tuberculosis. The second, third 
and fourth children escaped the disease. The analysis of this history 
is instructive from the viewpoint of immunology. In most cases the 
youngest of a group of children massively exposed develops tuberculosis; 
in this case it was the oldest. Immunity had not become as active as in 
the younger children. Another important inference is that a tuberculous 
individual from outside the family offers the most danger to the children. 
The stepchildren fared worse than the tuberculous mother’s own children. 


Study Six 


A man and wife, well and strong, were neither of a tuberculous family. 
The man became a broom-maker. Two years later he was found to have 
consumption, due, he was told, to the dust and dirt and unsanitary con- 
dition of the shop in which he worked. His wife, one year later, was 
found to have consumption, showing that she had contracted the disease 
from her husband,—at least the case was so reported. However, investi- 
gation of the man’s working conditions showed that many persons had 
worked in the shop longer than he, and his was the only case of consump- 
tion ever contracted there. The question then is: Where did he contract 
the disease? Is it not more rational to assume that both he and his wife 
contracted it from some common source, rather than that his wife con- 
tracted it from him? How can we assume that he contracted it in one 
way and she in another, when they both lived in the same house, ate the 
same kind of food, slept in the same bed, and had the same infectious 
colds? 

Another similar study is the following: A man and wife, both well and 
strong and of nontuberculous families, took up their residence on a farm. 
The house in which they lived was situated in low, marshy ground at the 
foot of a high hill, and was surrounded by a dense oak-forest, sunless 
and unsanitary. One year later the wife began to fail in health and in 
two years died of consumption, having borne no children. A young 
woman friend came from the patient’s home town and acted as nurse 
during the last year of the woman’s life. There were no known cases of 
tuberculosis in the nurse’s family; however, three years later she died of 
consumption. This case has been reported frequently as showing the 
contagiousness of pulmonary tuberculosis in adults; however, there was 
no evidence to suggest contagion. If the nurse contracted tuberculosis 
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from the afflicted wife, where did the wife contract the disease? Is it not 
more reasonable to assume that the nurse, who came into the house, 
lived under the same conditions, with the same food-supply, and had the 
same infections, developed tuberculosis from the same cause as the wife, 
rather than that she contracted it from her? There is a factor besides 


infection. 


Study Seven 


A young mother lost her first and only baby. She was the third child 
of a family of six children, all well and strong, with no known case of 
tuberculosis in the family. After the death of her baby she was wet-nurse 
for two weeks to an infant son of a family of three children. Two years 
later another child was born to this latter family, making four children, 
all boys. The child nursed by this woman, who afterward died of con- 
sumption, died of the same disease when he was twenty years old. 
None of the other children developed the disease. They had passed the 
danger age before they were exposed to the brother. 

The same points are presented in the following history: A mother was 
supposed to have had tuberculosis in early life, because her brothers and 
sisters had the disease, yet she seemed to be in perfect health and was 
above the average weight. She married a widower with three young 
children. She had two children. Both of her children later died of 
tuberculosis, but her stepchildren did not contract the disease. She 
is still living, at an advanced age, and as far as is known has never shown 
symptoms of tuberculosis. 

What is the analysis of these two histories? Is it possible that a 
tuberculous woman who acted as a wet-nurse for a baby, gave through 
her milk massive doses of the bacilli? And in the other case, is it pos- 
sible that this mother, who as a girl in her ’teens was tuberculous and 
afterwards maintained good health, gave tubercle bacilli through her 
milk, and that her two children became massively infected by means of 
this source? That the stepchildren escaped argues against her being an 
open case. 

It has been shown that the human type of bacilli can be injected into a 
heifer calf which survives, comes into perfect health and never shows 
symptoms of the disease, yet years afterward gives milk containing the 
same type of bacilli (5) (6). Is it possible for a girl in her ’teens to develop 
tuberculosis and recover, and later infect her children through her milk? 
If the tubercle bacilli are passed through the mother’s milk they may in 
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one case be a protection and in another an overwhelming infection. 
There are sources of massive infection which elude discovery. 


Study Eight 


Mr. S., the third in a family of eight children, with no tuberculosis in 
the family, developed pulmonary tuberculosis after he had been married 
feur years. He entered a sanatorium in New Mexico, where he resided 
for four years. He made a clinical recovery, returned home and took up 
his business, apparently in the best of health. A daughter had been 
born at the time of the discovery of his tuberculosis. The child was 
taken at once to the home of a relative, to avoid contact with the father. 
After the father’s return home no precautions were taken. The daughter 
remained in good health during childhood and adolescence. She married 
at the age of twenty and bore two children. She died of tuberculosis 
when the younger child was four years old. Both children were found 
to be massively infected. 

A parallel case is that of a widow by decision of the court, who was the 
youngest in a family of six children. There was no known case of tuber- 
culosis in the family-tree. She had no children. She developed tuber- 
culosis, was sent to a state sanatorium, where she made a clinical recovery, 
returned home and lived with the family of an older brother. It was 
later found that the two younger children of the brother were tuberculous, 
—a definite case of infection from this ex-sanatorium patient. 

Both of these cases were sporadic and both started tuberculous families. 
The origin of every tuberculous family is a sporadic case. 


Study Nine 


S. was the third son in a family of eight children. There was no known 
case of tuberculosis in any of the generations of the family. Both the 
father and mother lived to old age and were never subject to recurring 
or chronic sickness of any kind. The eight children all lived under the 
same conditions. They were farm children, working hard during the 
greater part of the year and attending a country school for three months 
in the winter. All eight married and reared large families. In none 
was there any tuberculosis except in S., and in his children and grand- 
children. At the age of twenty-two he married a girl who was not of a 
tuberculous family. When he was twenty-eight he gave up work be- 
cause of ill health and died of tuberculosis at thirty-two, leaving six chil- 
dren. The first and second never developed the disease. The third and 
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fourth died of tuberculosis, leaving seven children in their two families. 
There were four deaths from tuberculosis among the seven children. 
The fifth and sixth of S.’s children developed tuberculosis and died 
without marrying. 

The analysis of this history shows that the important problem is not 
the tuberculous family, but the sporadic case. 

As a boy, it was my lot to live in three localities where consumption 
was prevalent, and the death-rate high. Early marriages and large 
families were the rule. As a lad I was obliged to attend the funerals of 
the victims and to hear the long funeral discourses, read by my father, 
on “‘the fear of Hell and the hope of Paradise.” The prevalence of the 
disease and its mortality rate have never been forgotten. For fifteen 
years I have been investigating the families of these old settlers. By the 
help of their descendants, and of church-records, it has been possible to 
look backward from those years and forward.to the present. The 
investigation has included fourteen families who settled on prairie farms 
in Iowa in the ’fifties, and suffered a high death rate from consumption 
for many years. None of the descendants of these families is at present 
tuberculous. Most of the histories herein reported are of the families 


of these old settlers. These histories have been accurately compiled. 
The process of eliminating tuberculosis has been by definite steps of 
evolution. The following history shows the biological trend that pre- 
vailed in each family: 


Study Ten 


The H. family came from Tennessee to Iowa in 1854, and took up 
their home on a prairie farm. There were no known cases of tuberculosis 
in the family-tree. The man died of “lingering consumption” when he 
was fifty-four. There were eight children, six of whom developed fatal 
pulmonary tuberculosis. The history of these eight children is given in 
chronological order. 

The first and second lived to a very advanced age, rearing large 
families, free from tuberculosis. 

The third, a daughter, died of pulmonary tuberculosis at forty-eight, 
leaving three children, none of whom developed tuberculosis. It is 
evident that they were past the danger age before the mother became an 
open case. 

The fourth, also a daughter, died of tuberculosis at the age of forty. 

The fifth, sixth, seventh and eighth all died of tuberculosis without 
bearing children. 
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Out of this large family with its high tuberculosis mortality, the fourth 
child was the only one to perpetuate a tuberculous family. The history 
of her family is as follows: 

The mother died of tuberculosis at the age of forty, leaving five chil- 
dren. Of these, the first, second and third escaped tuberculosis, and no 
case occurred in their children. The fourth, a girl, married at twenty, 
bore four children and died of tuberculosis at forty-eight. None of her 
cuildren developed tuberculosis. The fifth died without bearing chil- 
dren. In three generations the family completely eliminated tuberculosis. 


CO Cause of death entinown 
@ Died of Tuberculosis 

@ Net Tuberculous 


ELIMINATION OF TUBERCULOSIS 


The history of tuberculosis in a family is definite. It starts with a 
sporadic case. Only the children are infected. As regards tuberculosis, 
each child falls into one of four possible groups, as follows: 


1: Those who do not develop tuberculosis; 

2: Those who develop tuberculosis too late in life to infect their children; 
3: Those who develop tuberculosis and infect their children; 

4: Those who develop tuberculosis and die too early in life to bear children. 


These groups usually correspond to the age-groups, from the oldest, who 
escape the disease, to the youngest, who die without bearing children. 
Those of the third group are the only ones who perpetuate tuberculosis. 
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The offspring of group 3 fall into groups 1, 2 and 3, group 4 not occurring 
because of increasing immunity. Group 3 of this second generation bear 
children who fall into groups 1 and 2 only, and the family is then free 
from tuberculosis. The elimination of the disease is not always as defi- 
nite and rapid, but this is the tendency to immunity in every tuberculous 
family. 

Two factors are active in eliminating tuberculosis from the family tree: 
death before the child-bearing age, and the tendency of tuberculosis to 
occur later and later in life, owing to increasing immunity, until the 
children escape. 

The tuberculous families of eighty years ago have eliminated the dis- 
ease, but none was molested by antituberculosis agents. Many of the 
descendants of these families are still living in the same old homes, with 
the same extreme unsanitary conditions, and with the old-time large 
families, but tuberculosis no longer afflicts them. 

In any community the immediate prevalence and the degree of mor- 
bidity are largely determined by social and economic conditions, but 
as the generations come and go these conditions are not factors in the 
ultimate elimination of the disease, and consequently are not factors in 
the ultimate death-rate. 


IMMUNOLOGICAL STUDIES 


The immunology of tuberculosis is said to differ from that of other 
infections. This, however, isnot the case. When a person or an animal, 
previously infected with tuberculosis, is reinfected, a definite, specific 
reaction takes place which completely obliterates the second infection. 
This immunity makes it impossible for the disease to be lighted up in 
other parts of the body, so that it must remain in the same location and 
spread only by continuity. This, however, is true of every infectious 
disease, be it chronic or acute. The best example is diphtheria, in which 
a child’s tonsil becomes involved and the infection spreads only by con- 
tinuity, involving the pharynx, larynx, and the nose. Nasal diphtheria 
never occurs in faucia] diphtheria except by extension, yet the nasal 
mucous membranes are bathed with the secretions loaded with the bacilli 
of diphtheria. The child with diphtheria-germ-laden fingers picks its 
nose and external genitals, and rubs its eyes, yet no new site of mem- 
branous growth appears. After the growth is once established, further 
growth occurs only by direct extension to adjacent structures and not by 
new colonies. This is true of pneumonia and erysipelas. Erysipelas is 
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never seen to start in new foci; it spreads only by continuity, fading away 
where it has burned out, but never recurring in another part of the body, 
in spite of intimate connection, internal and external. When local 
infections become disseminated, as in miliary tuberculosis or septicaemia 
in erysipelas, a new factor has been introduced which upsets the immuno- 
logical reactions. 

The specific element in the reactivation of tuberculosis is still undefined. 
In tuberculosis it is impossible for the infected individual to receive a 
new infection in other parts of the body, unless by chance there is some 
abnormal condition in which the growth would be saprophytic and 
might finally become parasitic. The abnormal factor in the aetiology 
of new and remote foci of activity has not been sufficiently studied. 
In the arguments for and against the possibility of reinfection, inside and 
out, therefore, the fact must be kept in mind that the immunology of 
tuberculosis is like that of other diseases, which makes the possibility 
of outside reinfections very remote in an individual with active tubercle. 

A number of workers have studied husbands and wives of tuberculous 
individuals and find a high incidence of tuberculosis of the apical type. 
We are not informed as to the outcome of these lesions. This type of 
infection is of frequent occurrence in those not exposed. To infer that 
the husband or wife of a tuberculous individua! contracts phthisis by 
infection from the companion lacks logical reason. A localized tuber- 
culous reaction is not phthisis. If one individual develops phthisis and 
it is later found that another individual living with him also has the dis- 
ease, can we assume that it has been a case of contagion? Is it not more 
logical to conclude that they are both phthisical from the same common 
cause, since they have been Jiving under the same conditions, which 
render both alike susceptible? The nature of the disease proves that 
they are both potentially tuberculous from an early infection. Phthisis is 
a quiescent tuberculosis that has become activated by some factor inde- 
pendent of the primary infection. In this respect it is like syphilis. A 
man with a quiescent syphilis may rear a healthy family, never develop 
symptoms, and live out his expectancy, or he may pass through an 
attack of pneumonia and later die of cardiovascular syphilis, activated 
by the pneumonia. Cardiovascular syphilis is a late manifestation of t’-e 
disease. We do not make a sociological survey of the victim to find a 
recent source of infection. 

In the study of tuberculosis as conducted by public-welfare agencies, 
poverty is given a prominent place as an aetiological factor. It is shown 
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by statistics that, in the slums and poverty-stricken districts, tuberculosis 
is more prevalent than elsewhere. Therefore the conclusion is reached 
that poverty is the cause of tuberculosis, overlooking the fact that tuber- 
culosis is rare in many ancient foreign cities where poverty is much worse 
than in American cities. To conclude that poverty is a cause of tuber- 
culosis is parallel with the old belief that swamps caused malaria, a 
belief which it took the medical profession many generations to dispel. 
The swamps were drained and there was less malaria. The reasoning 
was good as far as it went, but science demanded that we know the one 
specific element present in the swamps which caused malaria. Let us 
apply the same method of research to poverty as the cause of tubercu- 
losis. Malnutrition is not the specific element, because malnutrition as 
a rule does not cause tuberculosis. Logic demands that we make a 
definite deduction from our generalities, but such a deduction cannot be 
found in the literature on pulmonary tuberculosis. 

Occupation holds the same position as poverty. What is the activat- 
ing factor in occupation? A specific effect must have a specific cause. 
Of the many general conditions that operate to establish phthisis, there 
must be a specific biochemical basis common to all, a concomitant 
quality. 


SUMMARY 


A high percentage of cases are sporadic, in which massive infection 
and predisposing conditions cannot be discovered. 

A tuberculous family eliminates the disease in a few generations by a 
process of immunity that protects more and more in the early years, so 
that the disease comes too late in life to infect the children. Thus, 
tuberculosis is finally eliminated from the family-tree. However, other 
tuberculous families are constantly being brought into existence by the 
sporadic cases. If tuberculosis is to be conquered, the cause of the 
sporadic case must be determined. 

In one case a mother transmits to her offspring an overwhelming 
infection; in another case she transmits a high degree of immunity. 
Why the difference? 

Pulmonary tuberculosis is conditioned on an infection in early child- 
hood, but, since such infection is all but universal, other factors must be 
present. 

The exact biochemical nature of these factors is still undefined. At 
present we are content with such vague statements as poverty, unhy- 
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gienic conditions, vicious habits of life, infections, and so forth, all of 
which indicate the conditions under which the factor is operative, but 
do not define or explain the factor. 

When the companion of a consumptive patient develops the disease, 
there are three possibilities: (1) coincidence; (2) contagion; (3) common 
activating conditions. Contagion has been overestimated, while com- 
mon activating conditions have not been considered sufficiently. 

As a biological phenomenon, phthisis must in all instances be condi- 
tioned on the same incitement. In all the multiform conditions, both 
intrinsic and extrinsic, under which activation occurs, there is a factor 
common to all, a factor still undefined. 
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TYPES OF TUBERCULOUS LESIONS FOUND IN THE 
CHESTS OF STUDENTS OF NURSING 
AND MEDICINE!’ 


J. ARTHUR MYERS 


Tuberculosis as an occupational disease has received much attention. 
Studies among workers in various occupations have revealed more 
tuberculosis cases in some occupations than in others. For example, 
the prevalence of tuberculosis among stone-cutters is high, while among 
coal-miners it is low. Later researches reveal the fact that many so- 
called cases of tuberculosis or consumption among stone-cutters are in 
reality due to silicosis, but careful studies have shown that the inhalation 
of certain dusts, particularly those with high silica content, seem to pre- 
pare the way for the development of tuberculosis. A far more impor- 
tant factor, however, than the work involved in the occupation or the 
material inhaled is the communicability of tuberculosis. If a certain 
industrial plant is not careful in the selection of its employees and puts 
several open cases of tuberculosis to work with normal persons, that 
particular plant will in time have a high incidence of tuberculous disease 
among its present and former employees. All too often in the past, 
rather than to go back to the real cause of this high incidence, that is, 
exposure, the attempt has been made to explain it on the basis of posture, 
inhalation of contaminated air, long working hours, insufficient food, too 
little clothing, loss of sleep, etc. 

For more than a century tuberculosis has been looked upon as a pro- 
fessional disease in Europe; that is, a disease common among professional 
workers caring for ill people, particularly nurses and physicians. The 
subject has been discussed by such authors as Whitney (1), Meulen- 
gracht (2), Miicke (3), Braeuning (4) (5), Kirchner (6), Gordon and 
Cashman (7), Ross (8), Britton and Bollman (9), Wallace (10) and Sachs 


1 From the Departments of Preventive Medicine and Internal Medicine, University of 
Minnesota, and the Lymanhurst School for Tuberculous Children, Minneapolis, Minnesota. 
This study was carried on with the aid of a grant from the Research Fund of the University 
of Minnesota. 

2 Read in part before Conference of National Tuberculosis Association Committee on 
Tuberculosis Control in University Students, Cleveland, Ohio, July 14, 1931. 
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(11). It has been discussed editorially and by studies in a number of 
places (12) (13) (14) (15). All too often the real cause, exposure to 
tuberculosis, has not been taken into consideration. Other causes have 
been sought, as has been true among workers in industrial plants. 

The tuberculosis situation has changed very materially in some parts of 
the world; so much so, in fact, that more detailed investigation of certain 
phases of tuberculosis is now possible. When all children became 
infected with tubercle bacilli and reacted positively afterward, it was 
extremely difficult, in fact impossible, to determine with any degree of 
accuracy what part subsequent reinfection played in the development of 
the destructive type of tuberculosis. It was also impossible to determine 
with certainty when reinfection occurred. But with a new situation, 
which allows two-thirds and more of the girls and boys to reach adult life 
with negative reactions to tuberculin in some parts of the world, certain 
additional facts can now be established. Tuberculosis workers have not 
been slow to take advantage of this changed situation and make observa- 
tions which have actually led to new facts. 

Just now there are few phases of tuberculosis work demanding greater 
attention and requiring more immediate action than that having to do 
with tuberculosis among students of nursing and medicine. Hospitals 
and all institutions for the diagnosis and treatment of disease differ as 
industrial plants do in the opportunities they give tubercle bacilli to 
attack the bodies of students of medicine and nursing, as well as gradu- 
ates in these professions. While in a western city recently, a daily news- 
paper commented upon the death of a young physician in a local sana- 
torium. Upon investigation I found that this man graduated from the 
School of Medicine of the University of Minnesota in 1924. Another of 
our students completed his interneship in March, 1927, and died in Sep- 
tember, 1927, from a fatal haemorrhage. One of our students now carry- 
ing an interneship in a hospital in another city writes on August 20, 1932, 
as follows: 


My Mantoux test just before the senior clerkship on a tuberculosis service in 
April, 1931, was negative. About six weeks after returning from the clerk- 
ship it was positive In my section of six, two others had the same 
experience In July, 1931, X-ray films of my chest were negative 

In May, 1932, I developed pain in the chest and in June an effusion was present. 


Such reports come to us far too frequently, and impress upon us the 
fact that there is great need for preventive action. When a nurse states 
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that, among her 21 classmates graduating five years ago, seven are al- 
ready ill from tuberculosis and are occupying hospital beds, a grave 
situation is indicated. When a physician traces all the members of his 
class graduating twenty years ago and finds that one in four has been 
definitely ill from or has died from tuberculosis, and another physician 
traces his class graduating fifteen years ago and finds that approximately 
17 per cent have been ill or have died from tuberculosis, there is cause 
for alarm. 

From the yearly summaries of deaths given in the Journal of the Ameri- 
can Medical Association, one deduces that tuberculosis plays a very 
minor réle in these mortality tables. In over 10,000 deaths of physicians 
only about one in forty during four consecutive years was due to tuber- 
culosis. Conclusions regarding the tuberculosis problem among profes- 
sional workers drawn from such tables may not be accurate for several 
reasons. In the first place not all deaths from tuberculosis are reported 
as such. I well recall one of our former medical students who soon after 
graduation fell ill from tuberculosis. There was no question about the 
diagnosis. He was sent to another state for treatment. He improved 
for a time and became ambulatory, but very suddenly acute symptoms 
appeared, and he died a few weeks later. The death certificate reported 
pneumonia as the cause. The word “tuberculosis” did not appear. I 
have seen other similar cases, and have no doubt that this may be quite 
a common occurrence among physicians. 

Again, many physicians are very hesitant about having their own 
tuberculosis reported, just as is true of dentists and nurses. Unless they 
are engaged in tuberculosis work, a diagnosis, even though they have 
good working capacity, jeopardizes their practices if the true condition 
is known by the public. Therefore, many cases never go on record 
during life, and the death-certificate bears some complicating terminal 
condition as the cause of death, rather than tuberculosis. I have in 
mind two world-famous physicians who suffered from tuberculosis the 
greater part of their lives, but who made outstanding contributions to 
our knowledge of tuberculosis. Each of them died from another con- 
dition. Obviously, death-certificates give us inaccurate information con- 
cerning the destruction done by tuberculosis in the bodies of large num- 
bers of nurses and physicians who have actually suffered from the disease 
and who may have spread it to many others. In addition, postmortem 
examinations have revealed serious tuberculous disease in the bodies of 
large numbers of people who had actually died of other conditions. In 
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all probability, future death-certificates will bear little evidence of the 
tuberculosis problem in most of the cases cited in this paper, as well as 
many others with their tuberculous lesions now under observation. 
Mortality is a poor basis for estimating the significance to the race of 
any slowly progressive disease like tuberculosis. Therefore, we feel that 
the death-certificate gives us very little information concerning the prob- 
lem of tuberculosis among students and graduates in schools of nursing 
and medicine. | 

The nursing and medical professions owe Dr. Johannes Heimbeck (16) 
(17). (18) (19) of Oslo, Norway, an everlasting debt of gratitude for 
calling attention to some important facts. He found that approximately 
50 per cent of the students, upon entering the Ulleval Hospital School of 
Nursing, reacted negatively to the tuberculin test, but that, during or 
soon after a tuberculosis service where medical asepsis was not in practice, 
nearly all of the 50 per cent became positive reactors. In other words, 
all had developed the first-infection type of tuberculosis just as the 50 
per cent who were positive as probationers had developed the first-infec- 
tion type of tuberculosis at some previous time. A considerable group 
of the girls who developed their first-infection type while in the hospital 
had lesions sufficiently large to be demonstrated or to result in allergic 
morbid reactions, such as pleurisy with effusion. 

It is quite a serious reflection upon the nursing and medical professions, 
which have taught for more than two decades that tuberculosis is a pre- 
ventable disease, to find that they have not prevented it in their own 
ranks. The fact that in certain parts of the country approximately 100 
per cent of the graduating classes of schools of nursing and medicine 
react positively to the tuberculin test, and less than 50 per cent of the 
graduates of other schools in the same universities, is a situation which 
cannot be ignored. Therefore, before we say much more about the pre- 
vention of tuberculosis, we should take drastic steps toward preventing 
it among those preparing to enter our professions. 

A question which immediately arises is whether or not the situation 
described by Heimbeck is one peculiar to Oslo or to Norway or to all 
Scandinavia. This question has already been answered in the negative. 
Geer (20) (21), of the Ancker Hospital in St. Paul, has confirmed the 
work of Heimbeck in that he has found that practically no student-nurse 
graduates without a positive tuberculin reaction. His finding is even 
more extreme than Heimbeck’s in that approximately 70 per cent of the 
probationers react negatively and all develop the first-infection type of 
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tuberculosis before they graduate. From some observations which he 
made in the Central Training School of Nursing of the University of Min- 
nesota, he found a low percentage of student nurses reacting positively 
to the tuberculin test before taking a special tuberculosis service but a 
very high percentage of those who had already had such a service reacted 
positively. Shipman (22) has recently discussed this subject with refer- 
ence to the University of California. 

Soper (23) administered tuberculin tests to 52 students entering the 
Yale School of Medicine and found that 76.9 per cent reacted positively. 
He then applied the test to 119 of the three upper classes in the school 
and found 94.1 per cent to be positive. Fitz (24), Opie (25), and others 
(26) (27) have called attention to the problem of tuberculosis among 
medical students in connection with a study of university students. 
Hetherington, McPhedran and others (28) have observed the rapid 
increase of pulmonary tuberculous lesions in the chests of medical stu- 
dents from the freshman to the senior year in the University of Pennsyl- 
vania. Among freshmen students they found 4.1 per cent; among sopho- 
more students, 11.6 per cent; among junior students, 14.7 per cent; and 
among senior students, 21.3 per cent with such lesions. They found no 
such increase in the incidence of lesions in other college students. Pep- 
per (29), Rowland (30), MacCracken (31), Harvey (32) and Patterson 
(33) have also discussed various phases of this subject. Shipman and 
Davis (34) (34a) of the University of California have in progress an un- 
usual study on tuberculosis among students and graduates in nursing. 
This subject has also been discussed with reference to the University of 
Minnesota (35) (36). Steidl (37) has presented the most recent article 
on tuberculosis among medical students. 

The types of tuberculous lesions developed by students of schools of 
nursing and medicine have not been extensively discussed. The newness 
of this field of research probably accounts for this fact. One writer 
speaks of them as grave lesions; another as clinical tuberculous lesions; 
another as primary or childhood type of lesions, or adult type of lesions, 
etc. In citing one case Heimbeck (18) says: 


Probationer Randi began her training at the hospital on January 2, 1928. She 
then had a negative Pirquet reaction. On February 4, a roentgenogram was 
taken of her lungs, as was done at that time in the case of all the nurses who 
originally gave a negative Pirquet reaction. As shown in figure 6, it was 
normal. She did not nurse tuberculous patients during the first six months, 
and on July 18 she still had a negative Pirquet reaction. In September she 
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started work in one of the tuberculosis departments, and in October she no 
longer felt well. On October 27, another Pirquet reaction was therefore ob- 
tained and a roentgenogram taken. The Pirquet reaction then was a maxi- 
mum positive one. The roentgenogram (fig. 7) showed that external to the 
right hilus there was an infiltrated area, about the size of a hen’s egg, merging 
into a diffuse hilar condensation. The next day (October 28), an eruption of 
erythema nodosum appeared, and she became feverish. A week later, on 
November 5, the temperature became more irregular with a tendency to rise. 
On November 8, there was another outbreak of erythema nodosum. A roent- 
genogram (fig. 8), taken on November 9, showed a distinct enlargement of the 
previously observed primary infiltration—the German “Friihinfiltrat”—and 
scattered spots spreading downward over the field of the right lung. Barely 
two months had elapsed from the date of the probable infection to the onset 
of the disease. 


One of the objects of this paper is to illustrate a number of lesions seen 
in students of nursing and medicine or recent graduates, and to describe 
as accurately as possible the conditions leading to the development of 
such lesions, with the hope that plans may be evolved for making more 
careful studies and recording more accurate information leading to the 
complete protection of our students. On August 1, 1931, under ‘ihe 
title of Recent Facts on the Transmission of Tuberculosis, I cited a few 


cases that have been under observation at the University of Minnesota 
(38). The types of lesions, etc., were discussed by several workers (39) 
(40) (41) (42) (43) (44). Obviously, there was considerable difference 
of opinion as to the type of lesions such students develop. Therefore, 
in the present paper some of these cases have been brought to date and a 
number of new cases have been added. Our observations on students 
of nursing and medicine date from the fall of 1920. However, in the ear- 
lier years of this work, we saw only those students who reported because 
of illness from tuberculosis, and we made no systematic search for the 
disease among them as we have in the past four years. No attempt will 
be made to include all of the students of nursing and medicine who have 
developed tuberculosis at the University of Minnesota in the past twelve 
years (45), but representatives of certain groups are presented. Our 
students fall into the following main groups: Group 1, cases concerning 
which almost nothing was known as regards tuberculosis until symptoms 
appeared; group 2, cases about which little but not enough was known 
until symptoms appeared or the disease was detected by periodic exami- 
nations; and group 3, cases about which much was known when the 
disease made its appearance. 
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GROUP 1: CASES CONCERNING WHICH ALMOST NOTHING WAS KNOWN AS 
REGARDS TUBERCULOSIS UNTIL SYMPTOMS APPEARED 


This group consists of those students who came in for examination of 
their own accord because of symptoms of disease. There had been no 
tuberculin testing; and no periodic examinations including X-ray films 
previous to the appearance of symptoms. Some were fortunate enough 
to have symptoms, such as those resulting from pleurisy with effusion or 
pulmonary haemorrhage, while the disease was minimal or only moder- 
ately advanced, but a greater number had advanced disease when symp- 
toms appeared. 


In the fall of 1920, a freshman, £. B., in the School of Medicine, reported at 
the Students’ Health Service because of a rather profuse pulmonary haemor- 
rhage the previous night. Physical examination revealed moderately coarse 
rales persisting after cough above the second rib on the left side. The X-ray 
films showed evidence of parenchymal involvement over the same area. The 
sputum examination revealed many tubercle bacilli. There was no known 
history of exposure. She was placed on strict bed-rest where she remained 
for many months. Later graduated exercise was begun, and she finally 
returned to the university but did not re-register in medicine. She has since 
graduated and has worked consistently. She is now apparently in excellent 
health. After the Cleveland X-ray disaster many departments destroyed 
nearly all of their old films with no regard for the clinicians who were carrying 
on follow-up work among their patients. This accounts for the fact that we 
are unable to present the early films in this case and some of the cases cited 
subsequently. At the outset we were very definitely handicapped in this case. 
We knew nothing of the exposure; we did not know when she had first become 
allergic, nor did we know anything about the physical or X-ray findings in the 
past. Therefore, it was impossible to determine with certainty whether her 
lesion was of the first-infection or the reinfection type. We are now of the 
opinion that it was of the reinfection type because of the symptoms it produced. 
However, the X-ray shadows twelve years later had disappeared to such an 
extent as to suggest first-infection type of disease. 


J. S., age 24, a senior in the School of Medicine, reported in the early spring 
of 1924 because he was definitely ill. He stated that he had suffered from a 
fever for some time, but did not wish to report earlier because he feared that 
he would not be allowed to take the examinations covering the work of the 
winter quarter. He gave a history of a visit home about Christmas, and inti- 
mately caring for a brother who was suffering from advanced tuberculosis 
and who died from what was thought to be galloping consumption. The first 
examination revealed definite temperature elevation, accelerated pulse, and 
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evidence of extensive disease over the right lung. He was made a strict bed- 
case and within a few weeks the disease had extended to the left lung; tubercle 
bacilli were abundantly present in the sputum, and he died of tuberculosis. 
All that was known about his previous lung condition was the exposure and a 
physical examination of the chest which revealed no abnormal signs soon after 
the brother had died. How long he had been allergic, no one knows. Nor is 
there any rec ord of X-ray shadows previous to the first examination after symp- 
toms appeared. We were strongly of the opinion that because he and his 
brother had died a short time after symptoms appeared the family had little 
or no resistance to tuberculosis. We were also of the opinion that he had not 
been protected by a childhood infection and, therefore, developed rapidly 


Fic. 1. V.H., male, age 25, medical student. Made froman X-ray film of the chest taken 
December 8, 1922. Shows evidence of advanced tuberculosis involving both lungs. There is 
also evidence of effusion in the right pleural cavity. This patient was examined because of 
symptoms. 


progressive disease when he was exposed to tuberculosis in adult life. There 
was not one bit of evidence available to substantiate either opinion; both are 
absurd in the light of subsequent developments in our knowledge of tuberculosis. 


On December 4, 1922, a medical student, V. H., male, age 25, reported to the 
Students’ Health Service, complaining of cough, expectoration, malaise, tem- 
perature elevation, accelerated pulse, loss of weight, haemoptysis, and chest 
pains. On examination he was found to have effusion in the right pleural 
cavity and advanced bilateral pulmonary tuberculosis (figure 1). He was 
placed on treatment; and later returned to the university and graduated in 
medicine. Nothing was known about his tuberculous condition prior to the 
examination of December 4. However, from the extent of disease and his 
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clinical course, we are now convinced that it was of the reinfection type. 
Many other students of nursing and medicine reported to the Students’ Health 
Service during the first eight years of the chest clinic because of symptoms, and 
all too often we found disease of the moderately and far-advanced stages. 


GROUP 2: CASES ABOUT WHICH LITTLE BUT NOT ENOUGH WAS KNOWN 
UNTIL SYMPTOMS APPEARED OR THE DISEASE WAS DETECTED 
BY PERIODIC EXAMINATIONS 


In this group some definite information was available before lesions 
appeared in the lungs, but the intervening period was so long that the 
previous information was not very helpful. 


A hospital interne, R. R., age 25, had been positive to the tuberculin test ever 
since he entered the School of Medicine. Films of the chest, made on October 
2, 1930, and June 19, 1931, showed no evidence of disease. On November 30, 
1931, there was slight infiltration in the left second interspace, with a question- 
able small infiltration in the right first interspace. The fact that the tuber- 
culin test had been positive throughout his medical course was very helpful. 
The tuberculous lesions appeared later, so that, in our opinion, they could be 
caused only by the reinfection or adult type of tuberculosis. 


C. P., age 23, graduated in nursing two years ago. She had a negative tuber- 
culin reaction when she began a special tuberculosis service as a student nurse 
in June, 1928. The X-ray examination was also negative at that time. Un- 
fortunately, there has been no tuberculin test since; therefore it is impossible 
to know when allergy was first present, nor has there been any further X-ray 
examinations until recently. There is now a lesion in the right apex, but it is 
impossible at this time to determine with certainty whether it is of the first- 
infection or reinfection type of tuberculosis. 


H. E. A., age 24, graduated from a school of nursing in February, 1929, after 
which she did private-duty nursing for eighteen months. In 1930 she attended 
the public-health nursing course at the University of Minnesota. While on a 
two weeks’ special tuberculosis service, she had a tuberculin test applied which 
was negative. X-ray films of the chest were also negative. There was no 
subsequent tuberculin test nor X-ray films until she reéntered the University 
of Minnesota in the summer of 1932. The tuberculin test was then positive, 
and X-ray films, made on July 15, 1932, show soft infiltration on the right side, 
involving the first and second interspaces (figure 2). Here again, we are handi- 
capped because of the long interval between the previous examination and the 
finding of a positive tuberculin reaction and parenchymal infiltration. Did her 
tuberculin test become positive soon after completing the special tuberculosis 
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service or did she escape exposure on that service and come in contact with 
tuberculosis patients in her later work? If her tuberculin test became positive, 
indicating allergy, following her special service, the present demonstrable 
lesion may have made its appearance soon after, and, therefore, it is probably 
of the first-infection type. If the test became positive soon after her special 
tuberculosis service and the lesion developed very recently, it is probably of 
the reinfection type. Since this interval of approximately two years is blank, 
only a period of observation will now determine the type of tuberculosis. 


A sophomore medical student, 4. .S., male, age 21, had a negative tuberculin 
test in January, 1930. There was no history of tuberculosis in the family, but 
he had considerable contact with tuberculosis patients in a course in physical 
diagnosis which he carried in the winter and the spring quarters of 1931. In 


lic. 2. H. E. A., female, age 24, graduate nurse. Two years ago had negative tuberculin 
test and X-ray films. Summer of 1932, tuberculin test strongly positive. X-ray film made 
on July 15, 1932, shows soft infiltration in the first and second interspaces on right side. 


January, 1931, the tuberculin test was markedly positive. A roentgenogram 
on January 30, 1931, was entirely negative. In April he complained of pain 
in the right side of his chest, and X-ray films made on May 5, 1931, showed a 
parenchymal lesion in the right second interspace and pleurisy with effusion at 
the right base. These lesions have been illustrated elsewhere (46). X-ray 
film made on June 6, 1932, shows the parenchymal lesion shadow unchanged. 


GROUP 3: CASES ABOUT WHICH MUCH WAS KNOWN WHEN THE DISEASE 
MADE ITS APPEARANCE 


In this group have been placed the cases concerning which we have 
sufficient recent information to justify quite definite conclusions about 
the development of tuberculosis and the type of disease present. This 
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group of cases was negative to tuberculin on admission to schools of 
nursing and medicine, but periodic tuberculin testing subsequently 
revealed positive tests. 

H. A., age 24, a senior medical] student, had been periodically negative to the 
tuberculin test during his medical course. In January, 1931, he took a special 
tuberculosis service during which time he was negative to a full milligram of 
tuberculin. On April 21, 1931,0.1 mgm. was administered. This resulted ina 
strongly positive reaction, with a large area of erythema and a definitely visible 
lymphangitis extending from the site of injection on the forearm to the axilla. 
X-ray films of the chest were negative. Although we feel certain that the 
first-infection type of tuberculosis is present in his body, we are unable to 
locate its position by our present methods of examination. If it is in the lung, 
it may not have caused sufficient change in its vicinity to cast a shadow on 
the X-ray film. 


J.W.C., age 26, a senior medical student, was negative to the tuberculin test 
during his medical course. He took a special tuberculosis service in January, 
1930. Soon after completing this service the tuberculin test became strongly 


positive. The lesion has not yet been located. 


Such cases as these indicate that the adult tolerates well the first-infec- 
tion type of tuberculosis. Each one has a focus of disease, but its loca- 
tion has not been determined. This does not differ from the common 
finding among children of the location of the first-infection type of lesion 
in less than 25 per cent of the positive tuberculin reactors. 

One might continue at length, citing cases of students of nursing and 
medicine whose tuberculin tests became positive after taking special 
tuberculosis services or caring for tuberculosis patients in general hos- 
pitals, but who have not to date developed lesions in the lungs demon- 
strable by X-ray or physical examinations. We feel certain that they 
have developed somewhere in their bodies the first-infection type of 
tuberculosis which has resulted in allergy. In the following group of 
students, the tuberculin test was negative shortly before well-known 
exposure to tuberculosis occurred in the course of their medical or nursing 


training: 


A student nurse, D. S., female, age 20, had periodically reacted negatively to 
tuberculin. During parts of August and September, 1930, she was assigned 
to the care of a patient who was said to have bronchiectasis. No protection 
was offered this student against possible exposure to tuberculosis. Post- 
mortem examination revealed the fact that her patient had tuberculosis. In 
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October, 1930, the student nurse’s tuberculin test was positive to a three-plus 
degree. X-ray films of her chest showed no evidence of disease. On Novem. 
ber 25, 1930, she had pleurisy with effusion on the right side (figure 3). Aspi- 
rated fluid inoculated into guinea pigs caused their death from tuberculosis, 
After approximately a year of treatment the patient returned to the University 
to continue her course of study. X-ray film made in July, 1932, shows no 
evidence of parenchymal disease but adhesions are present at the right base. 


R. H., male, age 25, was negative to the tuberculin test when he entered the 
University of Minnesota in 1928 as a junior medical student, having trans- 
ferred from another university. During his junior year he had considerable 


Fic. 3. D. S., female, age 20, student-nurse. Repeatedly negative to tuberculin. Ex- 
posure to tuberculosis during part of August and September, 1930. In October, 1930, 
tuberculin test strongly positive; X-ray films negative. Film made November 25, 1930 
(fig. 3), shows effusion in right pleural cavity. Tubercle bacilli were recovered from the fluid 
The location of the parenchymal lesion has not yet been demonstrated. 


contact with patients suffering from pulmonary tuberculosis. In July, 1929, 
he complained of pain in the right lower axilla. The tuberculin test was defi- 
nitely positive. X-ray fiims of the chest showed a questionable parenchymal 
lesion in the right apex and pleurisy with effusion on the right side. After 
treatment over a considerable period of time, this student graduated and is now 
engaged in the practice of medicine. 


A hospital interne, 7. L., female, age 24, was negative to the tuberculin test 
throughout her medical course. After completion of a tuberculosis service as 
an interne, May, 1929, her tuberculin test was strongly positive. X-ray film 
of the chest on June, 1929, showed a small parenchymal lesion in right second 
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interspace near the periphery. No symptoms were present except chest pain. 
She was placed on strict bed-rest for several months, during which there was 
no change in the X-ray shadow. On May 1, 1930, she accepted a fellowship 
in pediatrics in another institution. At the end of about three weeks she 
developed pleurisy with effusion on the right side. She wasa strict bed-patient 
from August, 1929, to January 15, 1930. An X-ray film of July 1, 1932, shows 
the shadow of a lesion in the right second interspace, with obliteration of the 
costophrenic angle on the right side. The X-ray findings have been illustrated 
elsewhere (46). This physician is now quite active physically and has recently 
accepted a fellowship in tuberculosis. 


4 


Fic. 4. O. J. F., male, age 24, senior medical student. Consistently negative to the 


tuberculin test. Last negative test in December, 1930. Special tuberculosis service about 
November 20, 1930. First positive tuberculin test in April, 1931. In April, 1931, biopsy of 
enlarged cervical lymph node revealed tuberculosis. Film made on October 3, 1931 (fig. 4), 
shows infiltration in both upper lobes, more marked on left side. Earlier films disclosed the 


disease while it was limited to the left side. 


O. J. F., age 24, a senior medical student, had always reacted negatively to 
tuberculin. His last negative test was early in December, 1930. He was 
assigned to a tuberculosis service about November 20, 1930, where he remained 
until December 1, 1930. Unfortunately, the next tuberculin test was not ad- 
ministered until April, 1931, when it was positive. In April, 1931, because of 
enlargement, one of the left supraclavicular lymph nodes was removed, and 
biopsy revealed unmistakable tuberculous lesions. Obviously, the disease had 
been present in these nodes for some time. X-ray films made of his chest in 
November, 1930, were entirely negative, but films in April, 1931, showed evi- 
dence of pulmonary tuberculosis involving the left upper lobe. The disease 
spread very slowly and now appears about as it did in October, 1931 (figure 4). 
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In August, 1931, he had a diagnosis of tuberculous epididymitis. In February, 
1932, herniotomy was performed which revealed the peritoneum studded with 
tubercles. We are of the opinion that he was free from tubercle bacilli until 
exposed in November, 1930, and that the first manifestation found in the 
cervical lymph nodes was part of a primary tuberculosis complex and that 
each of the subsequent lesions in the lung, the epididymis, and the peritoneum 
is of the adult or reinfection type. 


L. D., female, age 19, entered a school of nursing in September, 1929. At that 
time her tuberculin test and X-ray films were negative. The tuberculin test, 
repeated approximately every six months, was negative until September 11, 
1930, when she reacted positively to a three-plus degree. X-ray films of the 
chest made on July 20, 1931, showed small areas of infiltration in both upper 


a 


Fic. 5 Fic. 6 
Fic. 5. L. D., female, age 19, student-nurse. Entered school of nursing with negative 
tuberculin test and X-ray fiims. Tubercusin test remained negative until spring of 1931, 
following exposure to tuberculosis patient. X-ray film made July 20, 1931, shows definite 
areas of infiltration in first interspace on each side. 
Fic. 6. L.D. Made from X-ray film of same chest as seen in Fig.5. No symptoms have 


been present in the interim. Note marked decrease in X-ray shadows. 


lung fields (figure 5). She had not had a tuberculosis service, but had been 
assigned to a patient who was admitted to the hospital on a diagnosis of pneu- 
monia. The patient was in the hospital for several weeks and was finally 
found to have pulmonary tuberculosis instead of pneumonia. The student 
nurse was placed on home treatment although she never developed any symp- 
toms or physical signs of tuberculosis. Her general condition has remained 
excellent, and on July 25, 1932 the X-ray findings were definitely smaller 


(figure 6). 


B. T., age 28, a senior medical student, was negative to the tuberculin test 
throughout his medical course. The last negative test was on January 5, 1931. 
An X-ray film made on the same date showed no evidence of disease. He was 
assigned toa special tuberculosis service from December 26, 1930, to January 
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5. 1931, and again from March 8 to March 18, 1931. The tuberculin test was 
positive on March 14, 1931. An X-ray film at that time showed no evidence 
of disease. A film made on April 20, 1931, showed an area of parenchymal 
infiltration in the right second interspace near the periphery. A few weeks 
later there was pain in the right lower axilla, and an effusion appeared in the 
right pleural cavity. Following the absorption of fluid, there was evidence of 
diaphragmatic adhesions with obliteration of the costophrenic angle. The 
parenchymal lesion in the right second interspace appeared about the same in 
October, 1931, as it did in April. Illustrations from this patient’s chest have 
appeared elsewhere (45). This patient is now receiving an interneship and is 
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Fic. 7. D. A., male, age 25, senior medical student. Periodically negative to tuberculin 


test since entering School of Medicine in 1928. Three weeks after special tuberculosis service 
in September, 1931, was strongly positive to the tuberculin test. X-ray films at that time, as 
X-ray film made January 15, 1932, showed slight infiltration 


previously, were negative. 
On May 30, 1932 (fig. 7) the disease has 


within the circle of the first rib on the right side. 


spread to the right first interspace. 


in excellent general health. X-ray films made on January 7, 1932, show no 


change in his chest condition. 


A senior medical student, D. A., male, age 25, was negative to the tuberculin 
test on periodic examinations since 1928. He was assigned to a special tuber- 
culosis service in September, 1931, while still negative to the tuberculin test. 
Three weeks after leaving the tuberculosis service he was strongly positive to 
the tuberculin test. X-ray films of his chest were negative before, during, and 
immediately after his tuberculosis service. On January 19, 1932, a slight 
shadow appeared on the X-ray film in the circle of the first rib on the right side. 
On May 30, 1932, the disease had spread within the circle of the first rib and 


to the first interspace (figure 7). 
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A senior medical student, S. H., male, age 25, was periodically negative to the 
tuberculin test during his medical course. On April 25, 1931, while serving 
as junior interne in a general hospital, he was assigned to a patient suffering 
from diabetes. In addition to taking the history, he made frequent visits to 
this patient’s room to examine and treat him. After a few days, when the 
patient had not responded as well as had been anticipated, the staff-physician 
requested further examination because of cough and sputum. This revealed 
advanced pulmonary tuberculosis with an abundance of tubercle bacilli in 
the sputum. The patient died of tuberculosis about three weeks from the time 
he was admitted to the hospital. Unfortunately, the tuberculin test was not 
repeated for this student until January, 1932, when it had become strongly 


Fic. 8. S. H., male, age 25, senior medical student. Negative to tuberculin test re- 


peatedly. In April, 1931, exposure to tuberculosis patient. Tuberculin test strongly positive 
January, 1932. X-ray film February, 1932, showed evidence of parenchymal infiltration in 
the left upper lobe. Film made on June 1, 1932 (fig. 8) shows no change in X-ray shadow. 
There have been no symptoms or abnormal physical signs at any time. 


positive. X-ray films made in February, 1932, showed evidence of pulmonary 
tuberculosis in the left upper lobe. Figure 8 is made from a film taken on 
June 1, 1932. There have been no symptoms of tuberculosis at any time. 
The lesion was found because a search was made for it as a part of the routine 
examination of medical students. Whether this is the first-infection type of 
lesion only, or whether the reinfection type of lesion coexists, can be deter- 
mined only by further observation. 


A senior medical student, R. H., age 25, male, had tuberculin tests applied 
through the Students’ Health Service each year beginning in 1928. They 
were always negative until December, 1931. X-ray films made on January 
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27, 1932, were still negative. On April 25, 1932, a film showed slight change 
in the right first interspace extending slightly beneath the shadow of the first 
rib. There is also very slight infiltration in the left first interspace, which is 
partially hidden by the shadow of the second rib. A film made on May 9, 
1932, showed the same shadows as seen on April 25, 1932. On July 25, 1932, 
the shadows were slightly smaller (figure 9). 


In group 3 we have diagnosed tuberculosis early in the strict sense of 
the word (45) (46). It is doubtful whether we will ever be able to diag- 
nose this disease before allergy appears. This is usually thought to be 
demonstrable by the tuberculin test approximately three weeks after 


Fic. 9. R. H., male, age 25, senior medical student. Negative to tuberculin test until 
December, 1931. X-ray films made then and previously were negative. X-ray film, April 25, 
1932, showed slight change in both upper lobes. In fig. 9 the lesions are partially obscured 
by shadows of ribs. 


tubercle-formation begins. During the first three weeks or throughout 
the preallergic stage, the changes caused by a tuberculous process are 
usually so slight that they are microscopic in size. This usually is true 
when allergy can first be demonstrated by the tuberculin test also. It 
may always remain true in individual cases as far as the first-infection 
tubercle-formation is concerned, but in some cases there develops enough 
reaction about the site of invasion to be demonstrated by X-ray-film 
examination. When this is true, such lesions make their appearance 
rather soon; that is, in a few weeks or a few months. Ordinarily these 
lesions are not serious during this stage of their development; in fact, 
in the vast majority of cases they do not cause symptoms of sufficient 
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severity to even be noticed by the patient. However, in some cases of 
the first-infection type of tuberculosis in young adults, pleural effusions 


appear which do result in symptoms. The parenchymal lesion preceding 


pleural effusion is not always demonstrable. It has usually been found 
near the periphery of the lung, just subjacent to the visceral pleura, 
Inasmuch as tubercle bacilli from lesions of first infection are nearly 
always carried by the lymphatics to the regional lymph nodes, and inas- 
much as the lymph from that part of the lung parenchyma immediately 
subjacent to the visceral pleura flows toward the visceral pleura, it seems 


Fic. 10 Fic. 11 

Fic. 10. B.C.,female. Intimate contact exposure. First seen April 12, 1929, at age of 22 
months. Tuberculin test strongly positive. X-ray film showed evidence of parenchymal 
infiltration in left upper lobe. Film made June 14, 1929 (fig. 10) shows evidence of fluid in 
left pleural cavity. The fluid absorbed and the parenchymal shadows slowly decreased until 
the only evidence of the previous existence of disease was a calcified focus in the left apex and 
deposits of calcium in the left hilum region. 

Fic. 11. J. A., female. No known exposure, but investigation revealed tubercle bacilli 
in abundance in the sputum of father. First seen March 13, 1929, at age of 8 years. Tuber 
culin test positive. Film, April 17, 1929, showed marked enlargement of right hilum shadows, 
which was later proved to be first-infection type of tuberculosis. Film made November 13, 
1929 (fig. 11), shows evidence of pleural effusion on right side. 


probable that in this manner tubercle bacilli are carried to the pleura, 
and find lodgment in allergic soil where pleural inflammation is set up 
which results in effusion. Such effusions are seen quite commonly in 
young adults, but, if one is making careful observations of children, they 
are also seen to develop in these earlier age-periods in association with 
the first-infection type of tuberculous lesion in the lung (figures 10 
and 11). 

The primary tuberculous lesions which we have seen develop in adults 
do not appear to differ greatly from those we have seen develop in chil- 
dren (47) (48). Sweany (49) reports a group of young adults dying of 
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“acute tuberculosis resembling a primary tuberculous infection in every 
way except that there was a very slight or absent lymph node involve- 
ment.” He states that his data seem to suggest that the uninfected 
adult, under the conditions of life to-day, does not always react by the 
same degree of lymph-node involvement that is produced in children or 
the more primitive type of man. After reading the descriptions of his 
cases, the first question which one desires tc ask is whether they had been 
examined periodically by the tuberculin test and, if so, was the test nega- 
tive until a very short time before the disease made its appearance? 
The fact that calcium deposits or other evidences of primary lesions were 
not found in the lung or regional lymph nodes in these cases would not 
seem of much significance, since this type of tuberculosis may occur else- 
where in the body. 

In children we have seen greater reactions by way of collateral inflam- 
mation about the parenchymal foci than we have seen in young adults. 
In other cases, the reactions appear to be approximately the same extent 
in the two groups. The number of cases observed in childhood is far 
greater than the number yet seen in young adults. Larger numbers of 
the latter group must be observed before final conclusions can be drawn 
on these points. As to prognosis, there appears to be no difference 
between those who develop the first infection-type of pulmonary lesion 
in adult life and those who develop this type of lesion in infancy or child- 
hood. In both it is a very benign disease. We have observed many 
children long enough to see calcium deposited in the primary foci and in 
the regional lymph nodes, but we have not yet seen many calcium deposits 
of which we could be absolutely certain in the young adults. In all prob- 
ability they have not been observed sufficiently long. We have seen 
the chronic adult type of tuberculosis develop in the bodies of children 
subsequent to the development of the first-infection type of tuberculosis. 
This has also been observed in young adults. We have seen miliary 
tuberculosis and tuberculous meningitis develop in the bodies of infants 
and children subsequent to the development of the first-infection type 
of tuberculosis, but we have not seen these conditions develop in the 
young-adult group, whom we have traced from the time of first infection 
to the present. From these and other observations, we are convinced 
that the young adult who has been protected against tubercle bacilli 
and first becomes infected in adult life is in no greater danger of develop- 
ing a rapidly destructive type of tuberculosis than the child. Our obser- 
vations also lead us to firmly believe that the so-called childhood infec- 
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tion is not necessary to protect the adult against destructive and fatal 
tuberculosis, but is always a forerunner of this disease (50) (51). Our 
observations on students of nursing and medicine during the past twelve 
years have convinced us that it is a reflection upon the professional 
schools to have students report with such symptoms as pulmonary 
haemorrhage, loss of weight, etc., and find that they have moderately 
or far-advanced pulmonary tuberculosis. Because of the chronicity of 
the disease their lesions could have been detected months or even years 
before the symptoms appeared if the authorities of the schools had been 
on the alert; that is, by demanding that tuberculosis be sought in the 
chest of every entering student of nursing and medicine, and that tuber- 
culin tests and X-ray films be properly and adequately employed through- 
out every year the student remains in school. The necessity for such 
careful observations of students of nursing and medicine should be so 
impressed upon all students that they will continue it throughout the 
years of their practice. When this has been done and when every school 
has adopted medical asepsis sufficiently rigid to protect students from 
exposure to tubercle bacilli, we can no longer be justly criticized for 
transmitting tubercle bacilli to 100 per cent of our students, and tuber- 
culosis will no longer be considered a disease of professional health- 
workers. 

The present method employed at the University of Minnesota (52) 
consists of the administration of the tuberculin test to every student on 
admission to the school of nursing and medicine. This test is repeated 
periodically for those who react negatively. X-ray films of the chests 
are made on admission and annually thereafter. Films are made more 
frequently if there is any special indication for them. ‘These procedures 
have been in practice since the members of our present senior class were 
freshmen, and the findings will be reported at a later date. Suffice to 
say that, when such procedures are carefully carried out, advanced tuber- 
culous lesions will not often be found except on entrance examination. 

Unfortunately, medical asepsis is not in practice in the hospitals where 
our students work; therefore, many of those who enter the school with 
negative tuberculin reactions become positive during their course, and 
some present demonstrable lesions of the first-infection type with the 
occasional allergic reaction causing illness, such as pleurisy with effusion. 
A few of these students later present demonstrable lesions of the adult 
or reinfection type of tuberculosis. By ihe institution of medical asepsis 
in all of our hospitals, we believe that the increase in positive tuberculin 


TYPES OF TUBERCULOUS LESIONS 113 


reactors from entrance to graduation could be very materially decreased 
and the number who develop demonstrable tuberculous lesions decreased 
proportionately. 

Bruetsch (53) has called attention to what he believes to be the two 
main sources of the frequency of tuberculosis among students of medicine 
and nursing. One is the tuberculous patient in the absence of a safe 
technique; the other the autopsy room. He has pointed out that many 
pathologists apparently consider that all tubercle bacilli die with the 
host and that tuberculous organs are not always handled with the great- 
est of care and that tables, etc., upon which they are placed are not dis- 
infected. ‘Therefore, he believes that large numbers of tubercle bacilli 
are released from dead bodies; some to later find their way into the bodies 
of students who frequent autopsy rooms. 

But the question is not whether the student of nursing and medicine 
contracts tuberculosis through exposure to patients in special institutions 
for the tuberculous or in general hospitals; the fact remains that they 
contract it. The argument is frequently advanced that students may 
have tuberculous associates off the campus. For this no school of nursing 
or medicine is directly responsible, but such schools are responsible for 
exposures which occur in the students’ line of duty. In the control of 
tuberculosis among the students of nursing and medicine we must keep 
our minds open to facts despite old personal opinions and prejudices. 

Dr. D. A. Stewart (54) manifests the proper spirit when he says: ‘We 
who work in sanatoriums should not be satisfied with half truths or mere 
speculations about our staffs but should put our own houses in order so 
that we may be the better able to help the general hospital neighbors 
with theirs.” 

If we continue to expose, during training, our students of nursing and 
medicine, we cannot expect anything but a harvest of illness and death. 
Not only is this poor economy and crass negligence, but we are under- 
mining all our previous accomplishments in the education of the public 
in the prevention of tuberculosis. If we do not practise what we preach, 
we cannot expect the lay public to do so. 


SUMMARY 


1. The incidence of tuberculosis among students and recent graduates 
of schools of nursing and medicine is so high that the disease may be 
looked upon as a serious menace to professional health-workers. 

2. A new situation which allows two-thirds and more of the girls and 
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boys in some parts of the world to reach adult, life with negative reactions 
to tuberculin makes#he‘establishment of new facts possible. 

3. Students of nursing and medicine who have developed tuberculosis 
at the University of Minnesota are grouped as follows: Group 1, cases 
concerning which almost nothing was known as regards tuberculosis 
until symptoms appeared; group 2, cases about which little but not 
enough was known until symptoms appeared, or the disease was detected 
by periodic examinations; and group 3, cases about which much was 
known when the disease made its appearance. 

4. Nearly all of our cases examined from 1920 to 1928 were in group 1. 
Then the majority found to have tuberculosis were in the moderately or 
far-advanced stage, having lost their best chances of ultimate recovery 
and having been spreaders of bacilli about the campus. 

5. Since 1928 the tuberculin test has been administered routir! to 
students entering the University of Minnesota. Since that time fever 
cases have been found in group 1 and a good many have fallen into group 2. 
The number of cases with moderately and far-advanced disease has 
definitely decreased. 

6. With the routine use of the tuberculin test and the X-ray film, 
nearly all cases now diagnosed are in group 3. Almost no edvanced cases 
are seen except on entrance examinations. 

7. Among students negative to the tuberculin test on entrance exami- 
nations, one is able to determine reasonably accurately when allergy is 
first present. In most cases this is preceded by a known period of defi- 
nite exposure to patients suffering from tuberculosis. 

8. The positive tuberculin reaction is the first manifestation of inva- 
sion by tubercle bacilli. It precedes X-ray evidence by weeks and 
months, and in many cases it remains the sole evidence of tubercle- 
formation. 

9. When the first-infection focus of tuberculosis is located in the lung 
and becomes sufficiently large to cast a visible shadow on the X-ray film, 
the time between demonstrable allergy and the appearance of the shadow 
is usually only a matter of weeks or a few months. During this time the 
lesion is developing but the X-ray is not sufficiently delicate to reveal it. 

10. The lesions of first-infection have not become large or destructive. 
Usually the shadows they cast remain approximately the same size over 
a period of months, after which they gradually become smaller. 

11. In most cases the first-infection type of lesion has caused no symp- 
toms or abnormal physical signs and therefore would not have been 
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detected had we not been searching for it. In some cases pleurisy with 
effusion has developed. This has usually resulted in the symptoms ordi- 
narily described. We look upon it as an allergic reaction. Effusion 
may appear, whether or not one is able to demonstrate the parenchymal 
lesion by X-ray. 

12. In no case in which first infection with tubercle bacilli has occurred 
in adult life has any serious illness accompanied it. Therefore, the 
development of rapidly progressive and highly destructive disease (gal- 
loping consumption) in adults who have not been previously infected 
is apparently a myth. 

13. The adult who has never been infected reacts in approximately 
the same manner to first-infection type of tuberculosis as the infant and 
child; that is, the first-infection type of tuberculosis in the adult is a 
benign disease which comes under control just as well as it does in the 
infant and the child. Following the first-infection type of tuberculosis, 
the adult, like the infant and child, becomes a potential case of the rein- 
fection and the destructive forms of tuberculosis. 

14. A positive tuberculin reaction, indicating allergy resulting from 
first-infection type of tuberculosis, is a definite liability, since the destruc- 
tive forms of tuberculosis do not ordinarily develop in nature in its ab- 
sence. Therefore, the longer it can be postponed, the better. 

15. Apparently the institution and rigid practice of medical asepsis in 
hospitals and sanatoria where students of medicine and nursing are 
taught, and periodic tuberculin testing and X-ray film examinations for 
all students in schools of medicine and nursing, will for the most part 
solve the problem of the development of the first-infection type of tuber- 
culosis in the previously uninfected, and the development of the reinfec- 
tion type of disease among others. 
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THE QUESTION OF TUBERCLE BACILLI IN THE BLOOD 
IN ADVANCED PULMONARY TUBERCULOSIS 


A Bacteriological Study 
H. J. CORPER anp A. P. DAMEROW! 


In an attempt to account for the variegated and irregular symptoma- 
tology of tuberculosis, efforts have been directed at various times toward 
finding bacteria of secondary infection, as well as tubercle bacilli in the 
circulating blood of tuberculous individuals. The absence of secondary 
organisms from the blood of the usual case of pulmonary tuberculosis is 
now generally accepted as an established fact (1), even though a little 
over a decade ago there were some observers who thought that such 
microérganisms were commonly present and who were willing to account 
for many of the symptoms of pulmonary tuberculosis as being due tothe 
presence of these organisms of secondary infection in the circulation. 

Likewise, although it must be admitted by even the most conserva- 
tive among the opponents of the tubercle-bacillus bacteraemia idea in 
tuberculosis that nonpulmonary tuberculous conditions are in the major- 
ity of cases occasioned by embolic dissemination, which may be rare and 
only occasional except in the special terminal case developing miliary dis- 
ease, there have been sporadic endeavors to indicate the presence of tuber- 
cle bacilli either as acid-fast granules or rods in the circulating blood or by 
deduction from animal experiments which later developed to be unadapt- 
able or due to findings based on errors in technique (2) (3) (4). 

Within the past few years, while studying methods for isolating tuber- 
cle bacilli in our laboratory, we found that tubercle bacilli in small numbers 
would grow in a tissue substrate (5) prepared from blood, and we accord- 
ingly tested several hundred small samples of blood (about 2 to 5 cc.) ob- 
tained routinely while collecting specimens for Wassermann tests from all 
types of tuberculous adults and children but from none of these specimens 
of blood (from over 200 patients) were we able to isolate tubercle bacilli. 
Realizing the possibilities of using this method for examining large vol- 
umes of blood (about 50 to 100 cc.) for tubercle bacilli, this question was 
just being investigated when articles began to appear in the European 
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literature indicating that a tubercle-bacillus bacteraemia existed in cer- 
tain types of tuberculosis cases and that the bacilli could be isolated from 
the blood by Loewenstein’s new culture method with a high grade of 
success. 

In the early part of 1930 Loewenstein (6), and Loewenstein and Rus- 
sew (7), after noting that the senior author had readily found tubercle 
bacilli in the blood of animals in 1905 and that in 1921 he reviewed tuber- 
culosis as an “‘organ system disease” and had maintained that the pres- 
ence of tubercle bacilli in the blood in phthisis can occur without serious 
consequences and may be a frequent occurrence, describe their latest 
results with a new procedure for isolating tubercle bacilli from the blood, 
which they maintain will recover the bacilli when they are not numerous 
in contrast to the usual case of their presence in sputum. Isolation from 
blood taken at postmortem offered no difficulties, they say. Of 80 cases 
from Urbanek’s Eye Clinic, three were positive by culture and animal 
test (later, 1931 (8), he says this was done by another method in 1927), a 
joint case was positive three times within three years, and in cases of 
miliary tuberculosis or meningitis the findings were always positive. 
While in pulmonary tuberculosis they were positive in the third stage, the 
best results were obtained in surgical cases. Of 8 cases examined six 
proved positive. Excellent results were also obtained in renal tuberculo- 
sis, especially in afebrile cases, and, when the patient was in the best gen- 
eral condition, five of seven of these cases were positive. In cases with 
skin tuberculosis, three of ten examined were positive. Loewenstein 
states that Russew obtained 100 per cent results in cases of severe pul- 
monary tuberculosis and miliary tuberculosis, while moderately severe 
cases yielded 20 per cent results to Eiselberg and 12 per cent to Fischer, 
and in intestinal tuberculosis Fischer obtained 90 per cent positives. He 
further cites Wessely as obtaining 5 positives in 9 cases with laryngeal 
tuberculosis. 

The new medium is described at that time (the amount of each ingred- 
ient is changed slightly later (8)) as consisting of monopotassium phosphate 
0.4 per cent; magnesium sulphate 0.04 per cent; magnesium citrate 0.1 
per cent; asparagin 9.6 per cent; glycerol 2.0 per cent. To 120 cc. of this 
solution is added 6 gm. of potato flour and the entire material kept two 
hours in a water-bath. After cooling to 50°, four whole eggs and 10 cc. of 
a 2 per cent steriie solution of congo-red is added. The medium is tubed 
and sterilized like Loeffler’s medium (by inspissation). 

The technique of culture consists of obtaining with sterile precautions 
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10 cc. of blood in 3 cc. of 10 per cent (or 5 cc. of 5 per cent) sodium-citrate 
solution. After centrifugation, the plasma is removed and the blood- 
cells are treated with 3 per cent acetic acid (later the author is more ex- 
plicit and uses 10 cc. of five per cent acetic acid for five minutes), the purpose 
being to remove the haemoglobin which interferes with growth of the ba- 
cilli. The washed residue is then planted on the medium or may be 
treated with (three volumes) (13) 15 per cent sulphuric acid for five min- 
utes and after being washed with distilled water the remaining residue 
is planted on the medium. The sulphuric-acid treatment was a precau- 
tion, provided the blood was not obtained aseptically or if it contained 
possible contaminations. Although slight modifications in the method 
were described in subsequent articles during the next year the essential 
parts are retained as such (8) and will not be dealt with here. 

In 1931 Fischer and Urgoiti (9), in reviewing Loewenstein’s and Hohn’s 
culture methods, tabulate data presented by Loewenstein in 1924 (10) on 
the effect of various acids (10 to 50 per cent sulphuric, hydrochloric, 
acetic and lactic acids) upon tuberculous material, and, while, after treat- 
ment with concentrations of 10 to 25 per cent of hydrochloric and sul- 
phuric acids, pure cultures of tubercle bacilli were obtained, acetic and 
lactic resulted either in contaminations, or, what is more significant and 
was not stressed or noted by them or by Loewenstein, but is recorded ina 
table, acetic acid particularly proved more toxic for tubercle bacilli in 
spite of its lower actual acidity than the hydrochloric or sulphuric acids. 
They report obtaining 253 positive cultures from blood of a total of 615 
cases, which are not classified or designated, however. 

Jerusalem and Urgoiti in 1931 (11) reported 60 examinations on 56 
patients, 17 controls yielding negative results, while among the thirty- 
nine remaining cases, consisting of 15 joint, 7 bone, 2 skin, 5 lymph-node, 
one lung, 3 cold abscesses, 3 genitourinary, 2 synovial membrane and one 
peritoneal case of tuberculosis, there were found 10 (about 25 per cent) 
positives, especially among the cases of joint tuberculosis. 

About the same time Kenner (12) reported finding tubercle bacilli in 
the blood in 2 cases (48 and 53 years of age) of typical bronchial asthma, 
growth of the tubercle bacilli on the Loewenstein’s medium occurring in 
these cases in 14 and 15 days. 

The same year Kren and Loewenstein (13) report finding 38 positive 
cultures from the blood of 51 cases of tuberculosis of the skin examined 
(including 22 cases of erythema induratum, three of papulonecrotic tuber- 
culides, one of acne telangiectodes, two granuloma annulare, one lupoid, 
two scrofuloderma, one ulcus tuberculosa, six lupus vulgaris and thirteen 
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lupus erythematosus). They conclude that “tuberculosis is a chronic 
bacillaemia and tuberculides are a localized exanthem of tuberculosis 
occasioned by bacillary emboli” Tubercle bacilli were cultivated from 
the blood 31 times from 42 cases (74 per cent) with tuberculides. 

In February, 1931 (14), Loewenstein notes that he has performed 1327 
blood cultures and considers this method of greater practical value for 
diagnosis and prognosis than tuberculin testing. His positive findings in 
acute and subacute rheumatism are too numerous to be considered as 
merely accidental. With Wessely (15) he reports finding tubercle bacilli 
in the blood in a high percentage (55 per cent) of 47 tuberculous patients 

f various stages with laryngeal tuberculosis. They concluded at this 
time that during the generalization stage of tuberculosis a bacteraemia 
regularly exists, and again review the technique in detail but with minor 
modifications from the original description, especially in the ingredients 
for preparing the medium. 

About the same time Lichtenstern (16) reports that in 27 control pa- 
tients with inflammatory conditions of the upper urinary passages or the 
bladder Loewenstein found no tubercle bacilli in the blood while in 3 sus- 
pected specific cases positive findings were obtained before the bacilli 
could be found in the urine. He concludes that the absence of tubercle 
bacilli from the urine does not warrant considering a case healed, but that 
the blood must also be negative. 

In a second contribution by Reitter and Loewenstein (17) is recorded 
the finding of tubercle bacilli in the blood in 22 of 27 cases of acute poly- 
arthritis. In a third contribution Loewenstein (18) comments on the 
seasonal variation of the bacillaemias, and reports finding tubercle bacilli 
in the blood in cases of chorea, retrobulbar neuritis, multiple sclerosis, 
schizophrenia and even in such cases without other evident organic tuber- 
culosis being discernible. 

Aside from the observations of Loewenstein and his associates, the liter- 
ature contains rather conflicting reports. Among other reports Pollak 
(19) in 1931 well summarizes Loewenstein’s early findings as follows: 


140 cases of pulmonary tuberculosis gave 54 = 35 per cent positive 


4 cases of ocular tuberculosis gave 3 = 75 per cent positive 
28 cases of laryngeal tuberculosis gave 18 = 67 per cent positive 
13 cases of bone tuberculosis gave 9 = 50 per cent positive 
92 cases of skin tuberculosis gave 51 = 55 per cent positive 
16 cases of kidney tuberculosis gave 11 = 68 per cent positive 


298 cases of tuberculosis gave 
for tubercle bacillifrom the blood. 146 = 58 per cent positive 
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Pollak examined the blood in 51 cases, and in five microscopic growth 
was obtained. Of twenty-three with pulmonary tuberculosis three were 
positive. Pollak was disappointed in his low percentage findings, as 
compared with Loewenstein’s recorded results, and in the microscopic 
nature of the growth obtained when positive. He concludes that bacil- 
laemias are not as frequent as maintained by Loewenstein, and this in 
spite of a strict adherence on his part to Loewenstein’s method. 

Likewise, Jontofsohn (20), upon examination of 41 severe cases of 
pulmonary tuberculosis and 9 cases of surgical tuberculosis, obtained only 
3 positives among the pulmonary cases. He concluded that even in se- 
vere cases of tuberculosis bacilli are only sparsely present or in weakened 
condition. 

In 1932 Unverricht and Dosquet (21) examined 91 cases of pulmonary 
tuberculosis and found one positive by Loewenstein’s method, and 16 
nontuberculous cases, all negative, while Oekonomopoulo, Papanikolaou 
and Joannides (22) did not find a single blood positive among 18 severe 
cases of progressive pulmonary tuberculosis. 

Further controverting evidence as to the high incidence of tuberculosis 
bacillaemia is presented by Meyer and Schaede (23) for schizophrenic 
patients and by Franz Koch (24) for cases of skin tuberculosis. Koch 
examined the blood of 25 patients (lupus vulgaris 12, granuloma annulare 
2, erythema induratum 2, lupus erythematosus 4, tuberculosis cutis 
verrucosa 4, tuberculous epididymitis 1) and noted that even so-called 
microscopic growth was lacking in all the cases. 

Elaborating on Jontofsohn’s report, Richter (25) reports negative 
findings in 40 cases, twenty-two of these with widespread pulmonary 
tuberculosis, predominantly progressive. Three of the latter died within 
three to six weeks. In addition, the cases included intestinal, mesenteric 
and renal tuberculosis, cold abscesses and skin tuberculosis. Horster 
(26) likewise reports on 83 cases of open febrile pulmonary tuberculosis, 
2 miliary and 9 cases with acute articular rheumatism, in all of which 
Loewenstein’s method gave negative results with the blood. Cummings 
(27) also examined the blood in 25 cases of tuberculosis, disseminated 
sclerosis and lymphadenoma with negative results. 

Practically all the reports in the literature recorded results limited to a 
study of the blood, using Loewenstein’s method alone, and the negative 
findings might easily have been due to slight errors in technique. In 
very few cases was any effort made to control the results by using other 
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methods of test nor was any effort made to explain the discrepancies be- 
tween Loewenstein’s high results and that of the author in the case. 
Even Loewenstein did not accurately check or control his own method nor 
did he take cognizance of observations he previously recorded on the 
effect of various acids (especially acetic acid) upon tubercle bacilli, as was 
noted in the foregoing review of the literature (see ref. (10)). 


THE PERSISTENCE OF TUBERCLE BACILLI IN THE BLOOD OF ANIMALS 


In considering the question of the presence of tubercle bacilli in the 
blood, one is tempted to enter an extensive consideration of all the phases 
and ramifications of this subject, but for purposes of brevity and practical 
interpretation a few observations and explanatory facts should suffice 
here. When considering the question of the persistence of introduced 
particulate matter in the blood one must revert to quantitative concep- 
tions which play a partial determining réle at least. Two such factors 
seem pertinent to this subject; namely, the amount of suspension enter- 
ing the circulation and the size of the particles in such a suspension. It is 
obvious that a fine suspension of small particles of tubercle bacilli will 
probably persist in the circulation longer than a heavy suspension of 
large lumps of bacilli or of bacillary caseous material such as may be re- 
sponsible for embolic dissemination in tuberculosis. Likewise, a greater 
amount of fine suspension will no doubt, from the data of all experimental 
evidence available to us, persist in the circulation longer than a relatively 
smaller amount of a fine suspension. In the tuberculous animal, with 
a general breaking-down of small caseous foci and discharge into the cir- 
culation, the bacilli may again return to the circulation, while in the in- 
terim following injection there has been a long period of their absence fol- 
lowing the infecting intravenous injection. It is not the purpose of this 
paper to enter a polemic of terms such as might arise in discussing bacil- 
laemias, but rather to establish facts which will help elucidate a subject 
that resolves itself into determining whether or not tubercle bacilli are 
commonly found in the blood of the average tuberculous individual, ex- 
cept for possibly the terminal miliary case in which it is obvious that a 
widespread breaking-down of tuberculous tissues will persist in showering 
bacilli into the blood-stream as rapidly as, or possibly more rapidly, than 
they can be removed. 

When tubercle bacilli in fine suspension are introduced into the blood- 
stream in varying amounts, they can be recovered mainly in the impor- 
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tant organs of deposit of particulate material within a short time after in- 
jection, while their presence in the blood is not so evident. This is well 
illustrated in table 1 for dogs and rabbits. 

In order to gain a better insight into the persistence of a bacillaemia 
in the same animal over a period of time, the results of a series of blood 
examinations of degs and rabbits given different strains of recently iso- 


TABLE 1 


The presence of tubercle bacilli in the blood and organs of dogs and rabbits following introduction 
into the circulation 


AMOUNT OF FINE SUSPENSION OF BACILLI INJECTED 
INTRAVENOUSLY, AND INTERVAL IN DAYS AFTER 
INJECTION WHEN THE EXAMINATION WAS MADE* 
ANIMAL ORGANS 
0.01 mgm, 0.000,1 mgm., | 0.000,001 mgm., 
4 days 3 days 6 days 
(| Bone-marrow 3 1 0 
Kidney 1 0 0 
Lung 3 3 1 
3 3 3 
Spleen 3 3 3 
\| Blood 1 0 0 
Bone-marrow 3 3 0 
Kidney 3 2 0 
, Lung 3 3 1 
Spleen 3 3 2 
[| Blood 1 0 0 


* The results recorded in numerals, presenting the average results obtained with three 
culture-methods (a tissue substrate method, an inspissated egg-yolk method and the potato- 
cylinder method), previously proved adequate for discerning small numbers of tubercle 
bacilli, are graded from 0 = negative to 3 a heavy growth of bacilli by the three methods 
used. A milligram of moist culture of tubercle bacilli contains approximately one billion 
bacilli. 


lated virulent human tubercle bacilli into the circulation are recorded in 
table 2 in summarized form. 

The results recorded in tables 1 and 2 show that tubercle bacilli do not 
multiply in the circulation of rabbits or dogs, and that even in fine sus- 
pension they are readily completely removed from the circulation within a 
few days and deposited in various organs (28), not to reappear for any 
length of time, at least, until the disease has become widespread and in- 
consistent with the life of the animal. Whether the same holds true in 
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the human being can only be inferred from the results of blood examina- 
tions made in various stages of the disease to determine the presence of 
tubercle bacilli. 


TABLE 2 
The presence of virulent human tubercle bacilli in the blood of dogs and rabbits following their 
introduction in fine suspension into the circulation* 


INTERVAL AFTER INTRODUCTION OF BACILLI INTO 
CIRCULATION THAT BLOOD WAS WITHDRAWN FOR 
AMOUNT OF EXAMINATION AND RESULTS OBTAINED 
BACILLI IN STRAIN OF 
ANIMAL MGM. PER BACILLI§ 
8 3 4 weeks 6 weeks 
0.01 Sputum7 Died, 27th 
days) day 
0.000,1 | Sputum! 0 0 
0.000,1 | Sputum5 |1/0/0/0/0]0 1 Died, 5th 
week 
|| 0.000,1 | Sputum7 | 3}0/1/0/0/0 0 0 
0.01 Sputum1 |}0/;0;0/0/0/0 0 0 
Rabbit.........4] 0.01 Sputum5 |} 0 0 
0.01 Sputum7 |} Died 0 


* In the interpretation of the results recorded in tables 1 and 2, it is to be remembered 
that fine suspensions of tubercle bacilli contain clusters no larger than 2 to 10 bacilli and that 
tubercle bacilli are smaller than erythrocytes. 

+ The blood specimens were tested by two culture-methods and by guinea-pig inoculation, 
and the results are recorded from 0 = negative to 3, indicating definite positive results by all 
three methods. 

§ All these strains of bacilli had just been isolated from sputum and were preferred for 
this study because avirulent and laboratory strains are usually more readily removed from 
the circulation. 


THE PRESENCE OF TUBERCLE BACILLI IN THE BLOOD OF TUBERCULOUS 
INDIVIDUALS 


Several years ago, while studying the blood of animals infected with 
tuberculosis and methods for detecting tubercle bacilli when present in 
small numbers, it was felt that the use of culture methods and guinea-pig 
inoculation had their limitations because only small amounts of blood 
could be used for test. It was believed at that time that methods capable 
of using larger volumes of blood, such as 25 to 50 or 100 cc., might better 
disclose the few bacilli which might still be circulating in the blood occa- 
sionally. About the same time, one of us (29) found that tissue substrates, 
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resulting from sterilizing blood with one or two volumes of 6 per cent 
sulphuric acid for thirty minutes at 37°C. and neutralizing the acid with 
a 1.3 per cent (isotonic) sodium-bicarbonate solution (containing 3 per 
cent glycerol), would serve to support the growth of small numbers of 
tubercle bacilli. This method was applicable to blood and the amount 
was limited only to the mechanical factors involved, and the necessity for 
avoiding too great a depth of liquid which might prevent an adequate 
supply of air from reaching the bacilli. By employing 500- and 1000-cc. 
Erlenmeyer flasks and special holders, so that the flasks might be laid on 
their side and rotated on occasions during incubation as desired, it was 
possible to utilize specimens of from 50 to 100 cc. of blood. The blood 
was obtained in smaller (125- to 200-cc.) flasks containing one-tenth 
volume of 3 per cent neutral sodium-citrate solution, to prevent clotting, 
and it was then transferred for the various tests used to other sterile recep- 
tacles. In the percentage used the sodium citrate was found to exert no 
detrimental effect upon smal! numbers of tubercle bacilli contained in the 
blood. With this method possessing the advantage of studying large 
volumes of blood for tubercle bacilli, it was decided to carry out a system- 
atic investigation to determine whether tubercle bacilli were present in 
the blood of especially advanced cases of pulmonary tuberculosis and 
those possessing metastatic disease. For the purpose of comparison the 
specimens were also examined by Loewenstein’s method, guinea-pig 
inoculation and two culture methods, one previously published from this 
laboratory (the oxalic-acid crystal-violet potato-cylinder method) and 
the other utilizing, instead of the potato, the inspissated glycerol-water- 
egg-yolk medium just developed (30). 

In order to study as far advanced cases as possible we obtained blood 
from 32 cases chosen for this purpose by Drs. I. D. Bronfin and Louisa T. 
Black among the patients at The National Jewish Hospital and from 88 
chosen by Colonel E. H. Bruns of Fitzsimons General Hospital. Imme- 
diately upon being drawn the blood was delivered to us so that it was 
submitted to analysis for tubercle bacilli within a few hours after being 
drawn. In no case did the blood stand over night, although in control 
tests it was found that several days in the refrigerator exerted no detri- 
mental influence upon the sparse bacilli contained in the blood. 

In order to sterilize well the skin area at the site of withdrawal of the 
blood, the area was thoroughly cleaned with acetone and alcohol, to 
destroy any tubercle bacilli which might be present there. 

To gain an insight into the types of cases examined, a brief group-diag- 
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nosis of the cases from The National Jewish Hospital and Fitzsimons 
General Hospital is given. 

Of the 32 cases from The National Jewish Hospital, all except one were 
far-advanced pulmonary tuberculosis, and the exception was a case of 
Pott’s disease with a large perivertebral abscess and cervical adenitis. 
Of the 31 pulmonary cases, three had spontaneous pneumothorax and 
in fifteen artificial pneumothorax had been instituted, while eight had hy- 
dropneumothorax and four pyopneumothorax. Nine cases had tuber- 
culous laryngitis, six tuberculous enterocolitis and three tuberculous otitis 
media. Phrenicectomy had been performed on five. Of the 32 patients 
ten were dead within less than four months after the blood-specimen was 
taken. 

Of the 88 cases from the Fitzsimons General Hospital, seventy-six were 
recorded as having advanced pulmonary tuberculosis, nine genitourinary 
tuberculosis with no clinical pulmonary involvement, and two bone and 
joint tuberculosis with no pulmonary involvement. Of the 88 cases, nine 
were dead within less than three months after the specimen of blood was 
taken. Of the 76 predominantly pulmonary cases, nineteen were cases of 
artificial pneumothorax; two, empyema; five, spontaneous pneumothorax; 
seven, tuberculous otitis media; ten, definitely tuberculous laryngitis; 
sixteen, tuberculous enterocolitis; five, tuberculous spondylitis; and four, 
genitourinary tuberculosis. Phrenicectomy had been performed on 
fifteen, and thoracoplasty on six. The majority of the pulmonary cases 
were of the ulcerative type, with multiple cavitation, and were selected 
because of the activity and extent of the tuberculous involvement and 
complications as indicated by metastatic foci. 

None of these cases from which citrated blood was given subcutane- 
ously to guinea pigs (in amounts of 3 to 5 cc.) caused tuberculosis in 
these animals, which were carefully examined three months after injection. 
Likewise, all cultures by the oxalic-acid (31) and sulphuric-acid (neutral) 
sediment planted on the crystal-violet potato-cylinder (32) and the in- 
spissated glycerol-water-egg-yolk medium (30) were negative, both 
macroscopically and microscopically. Similarly, all attempts to grow 
tubercle bacilli from large volumes of blood from these cases of tuberculo- 
sis by using the blood itself as nutrient by the tissue-substrate method 
(29) and weekly microscopic examinations of smears from these blood- 
culture media, failed to yield positive findings. 

Using Loewenstein’s method and his congo-red potato-flour-egg me- 
dium, and being particularly careful to avoid contaminations in perform- 
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ing the tests, acid-fast bacilli were obtained from the blood of only 2 
patients and coincidently from specimens obtained on the same day (cases 
62 and 64 Fitzsimons). The growth was first noted in both of these at 
the third-week examination, after which the tubes had been placed at 
incubator temperature, and, although not entirely characteristic, the 
growths appeared like early colonies of human or bovine tubercle bacilli. 
Their early appearance, especially from material with supposed sparse 
bacilli, and the negative findings by the other methods used, in spite of the 
acid-fast character of these cultures, made it probable that they were 
acid-fast saprophytes, and they were accordingly transplanted to other 
media and placed at incubator and room temperature for verification. 
Both grew within one day at incubator temperature and within three 
days at room temperature in a dark chamber. Number 62 grows as a 
thin moist film over the surface of the congo-red potato-flour-egg medium 
of Loewenstein and also on the crystal-violet potato-cylinder medium. 
This strain resembled the type of growth obtained from avian tubercle 
bacilli, which, however, do not grow at room temperature. It did not 
form pigment or infect rabbits or chickens. 

Number 64 grows as a dry, wrinkled, moderately heavy film (resem- 
bling human and bovine tubercle-bacillus cultures) on the congo-red potato- 
flour-egg medium (Loewenstein), the gentian-violet-egg medium (Pe- 
troff’s) and the inspissated egg-yolk medium (30). Within several weeks 
at room temperature the culture develops a deep flesh-colored yellowish- 
red pigment. The culture is avirulent for guinea pigs, rabbits and 
chickens. 


AN ANALYSIS OF THE ACETIC-ACID CONGO-RED POTATO-FLOUR-EGG-MEDIUM 
METHOD FOR ISOLATING TUBERCLE BACILLI FROM THE BLOOD 


In view of the striking differences between the findings recorded by 
Loewenstein and his collaborators and those by four different methods in 
our studies, even from the period of the early part of our work, it appeared 
advisable to submit the various parts of the acetic-acid congo-red potato- 
flour-egg-medium method (Loewenstein) to careful and controlled analysis. 
This was done with the collaboration of Dr. Maurice L. Cohn (33), who 
found that, in conformity with earlier observations recorded from this 
laboratory and berne out by Loewenstein’s observations in 1924, acetic 
acid is toxic for human and bovine tubercle bacilli, while sulphuric acid 
is innocuous in the concentration (equal to 2 volumes of 6 per cent acid 
for thirty minutes at 37°C.) previously recommended from our laboratory. 


+ 


TUBERCLE BACILLI IN THE BLOOD 129 


It is also to be noted that this is apparently not to be attributed to the 
acidity alone, since the blood residue after acetic-acid treatment accord- 
ing to Loewenstein’s directions is less acid (pH 4.3) than following the 
sulphuric-acid treatment (pH 2.58). The congo-red potato-flour-egg 
medium was found to be satisfactory for growing small numbers of tuber- 
cle bacilli, but it was unnecessarily involved in preparation, being com- 
posed of quite a few unessential and expensive materials. The conten- 
tion that peptone is detrimental to the growth of tubercle bacilli and 
that asparagin is favorable to their development is not borne out by our 
observations, although it was found that, for small numbers of tubercle 
bacilli, the addition of broth containing peptone or asparagin was un- 
essential as adjuvants to a good medium for tubercle bacilli, such as the 
(neutral) potato-cylinder or inspissated egg-yolk medium. The acetic 
acid, used according to Loewenstein’s directions, is bacteriostatic for 
small numbers of tubercle bacilli, as determined by actual static tests and 
by practical tests with human and animal blood containing tubercle bacilli 
which were readily recoverable by another culture method (the sulphuric- 
acid inspissated egg-yolk method). The acetic acid as used by Loewen- 
stein was found to be innocuous to saprophytic acid-fast bacilli; and, if 


these are present in the blood or in the utensils or reagents used, they may 
be recovered by this method, whereas they are not recovered by the 
sulphuric-acid method recommended from our laboratory. 


THE GROWTH OF TUBERCLE BACILLI ON BLOOD 


The contention that haemoglobin, which led to the use of acetic acid by 
Loewenstein, is detrimental to tubercle bacilli is also not entirely borne 
out by the observations made by us. The slow growth of human and 
bovine tubercle bacilli, even at 37°C., and the ready tendency for fresh 
blood to undergo lytic changes at this temperature preclude satisfactorily 
testing the effect of fresh blood upon tubercle bacilli or of determining 
whether the bacilli will multiply readily in fresh blood. Since, however, 
acids havea destructive influence upon lytic enzymes and since both acetic- 
and sulphuric-acid treatment tend to alter haemoglobin, it would appear 
that some insight into the detrimental effects of the altered red coloring 
material of the blood could be obtained from studies with blood-tissue 
substrates used as nutrients and various fractions of the blood used in 
the same way. The results of several such experiments are recorded in 
tables 3 and 4. 

Table 3 shows that sulphuric-acid-treated and neutralized blood-tissue 
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substrate will readily support the growth of small numbers of human tu- 
bercle bacilli and that the blood pigments, as present there, exert no detri- 
mental influence upon the growth of small numbers of tubercle bacilli, 
since the human blood substrate, according to these and other experi- 
ments performed by us, are to be classed as among the best nutrients 


Fic. 1. The growth of virulent human tubercle bacilli on inspissated blood from the dog; 
rabbit and hen, compared with the growth after nine weeks’ incubation on inspissated 3 per 
cent glycerol, 25 per cent water-egg-yolk medium. Tubes 1 and 5 are egg-yolk, tubes 2 and 
6 are dog’s blood, tubes 3 and 7 are rabbit’s blood, and tubes 4 and 8 are hen’s blood. Tubes 
1 to 4 inclusive were seeded with a fine suspension of bacilli containing 0.000,1 (10-*) mgm. 
per cubic centimetre and tubes 5 to 8 inclusive were seeded with the suspension containing 
0.000,001 (10-*) mgm. per cubic centimetre. Note particularly the tendency to a thin veil- 
like growth on the blood and the ready growth on the surface of the condensation liquid and 
on the glass of the test-tubes in the cultures on blood. 


Fic. 2. The growth of virulent human tubercle bacilli after seven weeks’ incubation on 
inspissated guinea-pig blood and serum, as compared with egg-yolk medium and congo- 
red-potato-flour-egg medium (Loewenstein). Note the growth on all the tubes (figure 2a) 
in heavy seeding (0.01 mgm. per cubic centimetre suspension). Tube 1 is egg-yolk, tube 2 is 
the congo-red-potato-flour-egg medium, tube 3 is the inspissated guinea-pig blood with 3 per 
cent glycerol and 25 per cent water, tube 4 is inspissated 3 per cent glycerol, 25 per cent 
water guinea-pig serum, and tube 5 is inspissated 3 per cent glycerol, 25 per cent water cellu- 
lar sediment of guinea-pig blood (with the serum removed). Figure 2b is the growth seven 
weeks after incubation and seeding with a 0.000,1 (10-*) mgm. per cubic centimetre suspen- 
sion, while figure 2c is the 0.000,001 (10-*) mgm. seeding after the same incubation. The 
media are all arranged in the same order in illustrations 2a, 2b and 2c. Note the shallow, 
wrinkled disseminated growth on the egg (tube 1), the elevated solitary colony type on the 
congo-red-potato-flour-egg medium (tube 2), which is due to and characteristic for the 
growth on potato media, and the veil-like thin type of cultures on the whole blood (tube 3) 
and cellular fraction of the blood (tube 5). Note also the more punctate colonies on serum 
(tube 4) being visible also below the liquid, but the absence of growth in the higher-dilution 
seedings. 
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for these microérganisms. It will be noted also from the table that the 
substrate from the cellular elements of the blood are far better nutrients 
than the liquid portions of the blood, although it must be admitted that 
the residue or substrate from the serum or plasma following the sulphuric- 
acid treatment and the neutralizing process may have been to a great 


TABLE 3 


The growth of tubercle bacilli planted on the tissue substrate of human blood prepared with 
sulphuric acid* 


| FRACTION OF BLOOD USED FOR PREPARING TISSUE SUBSTRATE 


‘SUSPENSION, IN| STRAIN OF | 

blood bloodt | bloodg | 

1.0 f Gluckson ae 1 | 1 | | 1 | 1 

|| Sp. X 1 @ | 4 | 6 

Gluckson 1 2 | 1 | 1 1 | 2 

—_ Sp. X 1 1 1 | 4 | 0 | 6 

| 

{| Gluckson 2 3 2 | #@ 0 0 

eens || Sp. X 3 3 6 | oO 0 | 0 

{| Gluckson | 3 4 4 | o 0 | oO 

| 
4 4 6 | 0 0 | 0 


* The tissue substrate was prepared by treating the blood or blood fraction with two 
volumes of 6 per cent sulphuric acid, mixing well and incubating the mixture at 37°C. for 
30 minutes, after which the blood is neutralized by the addition of an appropriate amount of 
sterile 3 per cent glycerol 1.3 per cent sodium-bicarbonate solution to make it neutral (pH 7.0), 
using brom-thymol-blue as an indicator. The residue and a small amount of supernatant 
fluid are then used as nutrient for the tubercle bacilli. 

+ The blood was citrated by adding one-tenth volume of sterile 3 per cent neutral sodium 
citrate. 

§ The blood was oxalated by adding one-fifth volume of 1.4 per cent sodium oxalate. 

** The strain of human tubercle bacilli ““Gluckson”’ is a virulent “lab” strain of human 
tubercle bacilli, while Sp. X is a virulent strain of human tubercle bacilli just isolated. 

*** The growth of the bacilli was determined by finding skeins of acid-fast bacilli in the 
stained smear examined with the microscope. Examinations were made at weekly intervals 
up to twelve weeks, and are recorded when positive in weeks as 1 = 1 week, 2 = 2 weeks, 
etc., 0 indicating that they remained negative. 


extent discarded with the supernatant fluid. However, the better nutri- 
ent quality of the whole blood or cellular fraction, as compared with the 
serum or plasma fraction, is borne out by studies with inspissated mate- 
rial, as may be noted from the results recorded in tables 4 and 5. 

Table 4 shows that virulent human tubercle bacilli grow well upon 
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small plantings upon the inspissated defibrinated blood of the dog, rabbit 
and hen. Attention must, however, be called to a fact noted by us and 
recorded elsewhere (30) that, although a medium may satisfactorily sup- 
port the growth of small numbers of tubercle bacilli, the gross characteris- 
tics of the growth on all good nutrient media need not be the same. It 
was pointed ouf at that time that the potato is especially adapted to pro- 
ducing heavy elevated colonies, while whole egg and egg-yolk tended to 
produce a more spreading and less elevated growth. Blood media are 
especially characterized by thin film-like colonies (see illustration) which 
might speak for a poor nutrient, and yet these media are capable of sup- 
porting the growth of small numbers of bacilli. It was also pointed out 
in another communication that the addition of potato flour to egg, as 
used in Loewenstein’s medium, merely changed the character of the 


TABLE 4 


The growth of virulent human tubercle bacilli on inspissated defibrinated blood of the dog, rabbit 
and hen as compared with inspissated glycerol-water-egg-yolk medium 


AMOUNT OF BACILLI IN MILLIGRAMS CONTAINED IN 
SUSPENSIONS USED FOR SEEDING THE MEDIUMS 
MEDIUM USED 


0.01 0.000,1 0.000,001 


Glycerol-water-egg-yolk 2w* +4+4+ | 3w+4++4+ 3w ++ 
Dog’s blood (3% glycerol, 25% water) 3w +4+4+ | 4w+4++ 4w ++ 
Rabbit’s blood (3% glycerol, 25% water)....| 3w ++++ 3w +++ 4w ++ 
Hen’s blood (3% glycerol, 25% water) 3w +444 | 4wt+4++ Sw ++ 


* The results are recorded by indicating the number of weeks (2w) of incubation after 
which growth first appeared and by 0 = no growth to ++++ = a profuse growth, the 
amount of growth being recorded as the maximum noted during the period of the experiment. 


growth from the flat type seen on egg media to the more elevated type 
seen on potato media, without, however, enhancing the nutrient quality 
of an already satisfactory medium, such as the egg medium. Like the 
whole egg, which can be separated into an excellent nutrient for tubercle 
bacilli (the yolk) and a poorer portion (the white), so serum can be 
shown to be a poorer nutrient as compared with whole blood or cellular 
portion, as is shown in table 5 for guinea-pig’s blood. 

It is evident that, if haemoglobin or any form of haemoglobin is detri- 
mental to tubercle bacilli, it is not discernible from these studies, nor has 
this been conclusively shown to be the case by any other studies of which 
we are aware. Rather, on the contrary, the cellular elements of the blood 
with their contained haemoglobin are good nutrients for tubercle bacilli, 
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if this can be gauged from the ability of blood as a nutrient to support 
the growth of smali numbers of tubercle bacilli. Until proved otherwise, 
the character of the growth obtained on a culture medium cannot be 
taken as an index of the quality of this medium to serve as a nutrient for 
small numbers of tubercle bacilli. Poor nutrients such as glycerol-agar or 
synthetic nonprotein media with heavy plantings frequently serve to give 
more profuse and heavier macroscopic colonies than do the more adequate 


nutrients, such as egg, blood or potato. 
TABLE 5 


The growth of virulent human tubercle bacilli on inspissated glycerol-water-egg-yolk medium, 
Loewenstein’s medium and various fractions of guinea-pig blood 


| AMOUNT OF BACILLI IN MILLIGRAMS IN SUSPENSIONS 
USED FOR SEEDING THE CULTURE MEDIA 


MEDIUM USED 
0.01 0.000,1 0.000,001 
2w +4+4+-++* | 3wt+4+4+ 3w ++ 
Congo-red-potato-flour-egg (Loewenstein)... 2w ++4++ 3w +++ 3w ++ 
Defibrinated guinea-pig blood (3% glycerol, 
3w ++4++ 4w ++ 4w + 
Cellular residue of guinea-pig blood (3% 
3w +++ 4w + 4w + 
Guinea-pig serum (3% glycerol, 25% water)...| 3w +++ 4w + 0 


* The amount of final growth obtained is recorded from 0 = none to ++-++ = a heavy 
massive growth on the surface of the medium, while the time of first macroscopic appearance 
is recorded in weeks (w). The guinea-pig blood used was defibrinated at the time of collec- 
tion and was immediately prepared into the medium designated. 


SUMMARY AND CONCLUSIONS 


Tubercle bacilli were not found to be present in the blood of 120 pa- 
tients with advanced pulmonary and generalized tuberculosis at the Na- 
tional Jewish Hospital and Fitzsimons General Hospital at Denver, Colo- 
rado, in spite of the fact that each blood-specimen was submitted to four 
different methods of examination for tubercle bacilli, namely, guinea-pig 
inoculation, and three different culture methods. While control tests 
proved the efficacy of the culture methods used for discerning small num- 
bers of tubercle bacilli in human and animal blood, acetic acid, as recom- 
mended by Loewenstein, destroyed small numbers of human tubercle 
bacilli, while saprophytic acid-fast bacilli would survive such treatment, 
thus vitiating the results obtained with this reagent. 
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In addition to the 120 cases studied, over 200 routine smaller specimens 
of blood obtained from patients in a tuberculosis sanatorium and examined 
by means of two reliable culture methods, the tissue-substrate method 
and the sulphuric-acid crystal-violet potato-cylinder method, did not re- 
veal a single positive culture for tubercle bacilli among these specimens. 
As a result of the examination of the blood from the 120 cases of ad- 
vanced tuberculosis two specimens yielded saprophytic acid-fast bacilli, 
which could readily be differentiated from pathogenic tubercle bacilli by 
animal inoculation and reliable culture methods. 

Tubercle bacilli were found to grow well when present in small numbers 
on a sulphuric-acid-treated and sodium-bicarbonate or sodium-hydroxide 
neutralized blood residue or on inspissated defibrinated blood, making it 
appear that the acid- or heat-treated or sterilized blood pigments are not 
detrimental to the growth of tubercle bacilli. ‘The macroscopic type of 
culture obtained on the blood medium differs from that seen on potato or 
on egg, which also differ from each other. 

The congo-red-potato-flour-egg medium (Loewenstein) is a good one 
for human and bovine tubercle bacilli, but it is no better than a simple 
potato-cylinder or inspissated egg-yolk medium, and it possesses the dis- 
advantage of being unnecessarily encumbered with expensive and un- 
essential ingredients. 

It appears that human or bovine tuberculobacteraemias, in the sense 
that tubercle bacilli circulate in the blood for a fairly long time or that 
the bacilli multiply in the blood, are not borne out by these studies, al- 
though it is not inteaded to convey the impression that occasional em- 
bolic disseminations (showers) from disintegrating tuberculous foci do not 
occur or that there may not exist terminal periods in the course of the dis- 
ease when numerous showers of caseous products containing viable bacilli 
may make it possible to find them in the blood of man and experimental 
animals. However, such a condition of tubercle bacilli in the blood is far 
from being the common event, according to the observations made in this 
study. 

It would appear also that embolic showers (embolaemia), when they do 
occur in man, are rapidly removed from the circulation in the usual case 
of tuberculosis. 

The authors are grateful to Colonel E. H. Bruns, and Drs. I. D. Bronfin and L. T. Black 


for their kind codperation and assistance in obtaining material for these studies and to C. 
D. Vidal, Walter Lawrenz and Ray Stoner for assisting with the technical work entailed. 
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THE LYSIS OF TUBERCLE BACILLI IN VITRO 
Further Observations 
H. J. CORPER! 


That tubercle bacilli pass through a definite growth-cycle (1), die, 
and undergo disintegration, both im vivo and in vitro, is hardly to be 
doubted, but there are certain phases of this intricate process which 
merit further experimental elucidation to determine more exactly the 
nature of the changes both in and outside of the animal economy. In 
just how far the growth-cycle and process of dissolution in the body 
parallel the same phenomena in the test-tube is difficult to say, but until 
direct and accurate in-vivo observations are possible, in-vitro observa- 
tions will have to form the basis for our conceptions of the most likely 
course and manner of such changes. It is not the purpose of this paper 
to review again the available literature on this subject which was incor- 
porated in an earlier contribution (2), but to correct and elaborate upon 
some of the interpretations recorded at that time and which further in- 
vestigation made desirable. 

In these earlier experiments it was found that virulent human tubercle 
bacilli suffered lysis and a diminution in number of acid-fast bacilli, 
with complete disappearance within two to four months, in blocks of 
dog’s spleen, liver or kidney, sterilized by means of sulphuric acid (an 
equal volume of 6 per cent), and kept at incubator temperature. Ground 
dog’s spleen or liver, sterilized with sulphuric acid, to which suspensions 
of fresh or heat-killed tubercle bacilli had been added, also revealed a 
gradual disappearance of the acid-fast bacilli within about one to two 
months at incubator temperature. At that time these experiments were 
interpreted as indicating that the sulphuric-acid sterilization of tissues 
offers a method for studying the effect of autolytic tissue enzymes upon 
tubercle bacilli by producing sterile tissues in which the usual rapid- 
growing microdrganisms have been destroyed and in which the tubercle 
bacilli have not been appreciably harmed. Although the part of these 
deductions based on the findings concerned with the sterilization of the 
tissues and the lack of injurious effect of the sulphuric acid upon the 
tubercle bacillus is correct, the sulphuric acid, due to its acidity, was 
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found on further test to exert a markedly deleterious effect upon the 
autolytic enzymes and, accordingly, what was noted and interpreted to 
be an enzymatic action was in reality a hydrolytic action, occurring at 
incubator temperature but not at refrigerator temperature, and caused by 
the presence of acid which had not been removed by the washing em- 
ployed at that time. A few pertinent data from experiments performed 
subsequently to the foregoing report will serve to elucidate these points 
more clearly and warrant the correction suggested. 


TABLE 1 


The loss of acid-fastness and viability of virulent human tubercle bacilli suspended in physiological 
saline solution of different pH during residence at incubator temperature 


INTERVAL AFTER WHICH SUSPENSIONS WéZRE TESTED FOR THE 


WERE SUSPENDED§ RESULTS OF CUL- PRESENCE OF ACID-FAST BACILLI 
TURE TESTS 
MADE AFTER 2 

After four As 


Initially months at 37°C.° 
37°C. 


Before 1 month 4 months 


291f 217 
358 332 
426 
444 
397 
361 460 
364 420 
372 402 


PNNACHONA 


1.4 
1.8 
2.6 
2.8 
6.0 
7.0 
8.0 
9.8 


* The viability of the bacilli was tested by planting on the glycerol-water crystal-violet 
potato-cylinder medium and growth is recorded as either negative (= 0) or positive (= +). 

+ The suspensions were prepared by adding 0.2 mgm. finely ground tubercle bacilli to each 
tube, and the figures recorded are given to indicate the number of bacilli found in 100 oil- 
immersion fields after staining the smears by the Ziehl-Neelsen carbol-fuchsin technique. 

§ The saline solution was acidified with 6 per cent sulphuric acid and was neutralized for 
the purpose of changing the pH with a 20 per cent ora 2 per cent solution of anhydrous sodium 
carbonate, each test being carried in duplicate or triplicate. 


These experiments became desirable when it was realized that tissues 
treated with sulphuric or oxalic acid avidly retained a high hydrogen- 
ion concentration, which could not be removed to any appreciable extent 
by simple washing with saline solution but actually required chemical 
neutralization to assure adequate removal of the high acidity or hydro- 
gen-ion concentration resulting from the acid sterilization. The effect 
of acidity and alkalinity upon the acid-fast staining properties of tubercle 
bacilli suspended in physiological saline solution (0.9 per cent sodium 
chloride) at incubator temperature (37°C.) is recorded in table 1. 


in 

4 

| 

0 48 + 0 
0 180 12 0 
0 407 186 36 

0 371 298 52 | 

+ 408 340 280 
+ 436 442 223 
+ 342 412 364 
0 530 461 380 

| 
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The data recorded in table 1 indicate that tubercle bacilli suspended in 
saline solution lose their acid-fast staining properties, as well as their 
viability, in the acid ranges during residence in the incubator at 37°C., 
but such changes are not evident within two to four months at 37°C. 
within the range of pH 6.0 to pH 8.0. Such changes as are noted are 
apparently a factor of the acidity and would seem to be in the nature of 
a chemical hydrolysis essentially similar to enzymatic lysis. 

The significance of the action of the acid upon the tubercle bacillus is 
further elucidated in experiments with liver and spleen tissue from the 
dog, sterilized by the addition of an equal volume of 6 per cent sulphuric 
acid to the ground tissue, which was then incubated at 37°C. for thirty 
minutes to one hour, and was washed several times with about 10 volumes 
of sterile 0.9 per cent sodium-chloride solution. The washing did not, 
however, suffice to neutralize the acid reaction of the tissues, as is evident 
from the acidity of these washed tissues, which was about pH 2.0 before 
chemical neutralization. Some of these tests were maintained at incu- 
bator temperature (37°C.) and some, for control, at refrigerator tempera- 
ture (about 2°C.) throughout the experiment, while in some cases the 
tissues were heated prior to acid treatment or adjusting the pH to ex- 
clude the action of thermolabile autolytic or digestive enzymes. The 
results of these experiments are recorded in table 2. 

The results recorded in table 2 make it evident that the loss of the 
acid-fast staining property of the tubercle bacilli is to be attributed to 
the effect of the acid and not to enzymes, since it occurs regardless of 
whether the tissue, liver or spleen of the dog, has been heated sufficiently 
to destroy the enzymes or not, and the action is retarded by maintaining 
the mixtures of bacilli and tissues at refrigerator temperature (2°C.). 

These findings recall the studies by Boissevain (3) who noted that 
tubercle bacilli suspended in Soerensen’s citrate mixtures of pH varying 
from 1.3 to 6.0 and allowed to boil in a flask provided with a reflux con- 
denser lose their acid-fastness. The velocity of hydrolysis or loss of 
acid-fastness of tubercle bacilli in acids was proportional to the hydrogen- 
ion concentration, ranging from five minutes for pH 1.3 to five days for 
pH 6.0. Apparently the reaction at incubator temperature must be 
viewed as a less violent reaction of the same nature as that occurring 
under the more vigorous reaction at the boiling-point, and calls atten- 
tion to a consideration of chemical hydrolysis in all reactions occurring in 
acid (and possibly alkaline) surroundings. It may even be possible that 
the function of acid and enzymes may be exerted in the cells and tissues 
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TABLE 2 
The loss of acid-fast staining properties and viability of virulent human tubercle bacilli 
maintained at incubator (37°C.) and refrigerator (2°C.) temperature in liver and splenic 
tissues sterilized with sulphuric acid (6 per cent) and adjusted to different acidity with sodium- 
carbonate solution 


H o URE IN 
nag oan INTERVAL AFTER WHICH SUSPENSIONS WERE 


BACILLI WERE SUS- | RESULTS OF TESTED FOR THE aa” OF ACID-FAST 
TISSUE USED AND TREATMENT PENDED§ CULTURE 

ACCORDED TESTS AFTER 
2 MONTHS* 


After four 


Initially 


Before | 1 week | 2 weeks 


1 4 
month | months 


Dog’s liver 


0 
0 
0 


oo 


+++ +++ +00 


Dog’s spleen 


0 
0 


0 
0 


0 
0 


369 | 411 


a 
Heated and 37°C.........| 2.6 | 2.4 320] 120! 60 0 0 
332 | 285 | 400] 306 
375 | 353 | 282] 165] 31 
Heated and 37°C.........| 2.6 | 2.6 411 | 347 | 327] 213 9 | 
366 | 390] 402 | 
402 | 208] 121] 57 | 
Heated and 37°C.........| 4.4 | 4.5 395} 292] 148) 40] 61 
344} 317| 298] 308 
327 | 412 | 422} 380] 378 
Heated and 37°C.........| 7.0 | 6.3 365 | 400| 516| 297] 513 
334 | 284] 370] 476] 312 
Heated and 37°C.........| 8.0 | 8.0 354} 314| 371] 340 
263 | 420] 316| 269] 432 
0 381 | 419 | 396] 341] 239 
Heated and 37°C.........} 9.0 | 8.7 0 366 | 420] 392] 372] 401 
+ 304} 381 | 346| 359] 278 
— 
|, 333 | 328] 18 0 0 
Heated and 37°C.........} 2.2 | 2.2 421 | 102 4 0 0 
2.7 476 | 428| 359 17 0 
Heated and 37°C.........} 3.0 | 2.4 385 | 440! 124] 36 0 
| 
375 | 162] 67 7 7 
Heated and 37°C.........} 4.2 | 3.6 407 | 426| 148| Si 7 
6.7 fe 336 | 325| 411 | 359 
Heated and 37°C.........} 6.9 | 8.0 + 452] 378| 411 — 
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TABLE 2—Concluded 


o> INTERVAL AFTER WHICH SUSPENSIONS WERE 
TESTED FOR THE PRESENCE OF ACID-FAST 
BACILLI WERE SUS- | RESULTS OF 
BACILLI 
TISSUE USED AND TREATMENT PENDED$ CULTURE 
ACCORDED TESTS AFTER 
2 MONTHS* 


Initially vy Before | 1 week | 2 weeks 


Dog’s spleen—Concluded 


8.6 7.5 + 408 | 391 | 384] 423 | 412 
8.8 8.2 + 333 | 367 | 312] 378} 390 


9.4 8.5 0 405 | 323 | 372 | 298 | 368 
9.4 8.6 0 377 | 385 | 360 | 403 | 383 


* The viability of the tubercle bacilli was tested by planting on glycerol-water crystal- 
violet potato-cylinder medium and growth is recorded as0 = no growth or + = macroscopic 
growth. In interpreting these findings it is well to bear in mind that the suspensions were 
equivalent to heavy plantings of tubercle bacilli and that small numbers of bacilli may not 
have survived in the range of pH giving positive results in these experiments. 

+ The suspensions were added to each tube in amounts of about 0.2 mgm. to conform to 
satisfactory positive findings in the smears. The figures recorded are the number of acid- 
fast bacilli found in 100 oil-immersion fields. 

§ The ground tissues were sterilized with an equal volume of 6 per cent sulphuric acid for 
30 minutes to one hour at 37°C. followed by several washings with five to ten volumes of 
sterile 0.9 per cent sodium-chloride solution. For adjusting the pH a 20 per cent or a 2 per 
cent sodium-carbonate solution was used. The pH readings were made both colorimetrically 
and electrometrically. 


of the body, and that these reactions play a part in determining the fate 
of the tubercle bacillus im vivo. The function of enzymes, particularly 
in the destruction of tubercle bacilli im vivo, still remains an unsolved 
problem. A suggestion of the destructive effect of pancreatic secretion 
in vitro is contained in the studies reported by Day and Gibbs (4), al- 
though the foregoing studies would make it appear desirable to extend 


their observations. 


SUMMARY AND CONCLUSIONS 


The loss of acid-fastness (lysis) of tubercle bacilli in tissues (dog’s 
liver, spleen and kidney), sterilized by means of an equal volume of 6 
per cent sulphuric acid for thirty minutes to one hour and washed with 
sterile saline solution, is due to the acidity retained by the tissues, and 
is not, as previously reported by the author, caused by the action of 
autolytic enzymes. The sulphuric-acid treatment apparently destroys 
the enzymes in the tissues and, when properly neutralized, prepares 
these tissues so that they can be utilized as a nutrient by the tubercle 
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bacillus at incubator temperature (5). Tubercle bacilli added to sul- 
phuric-acid-treated tissues, which have been neutralized by suitable 
alkalies (sodium hydroxide, sodium carbonate or sodium bicarbonate) so 
that the reaction approximates the neutral point pH 6.5 to 8, retain their 
viability for over two months at 37°C. At refrigerator temperature 
(about 2 °C.) heavy suspensions (about 0.1 mgm. per cubic centimeter) 
may remain viable within a range of about pH 4.5 to 9.0 for over two 
months. The effect of enzymes (autolytic and digestive) upon the via- 
bility and the chemical and morphological integrity of the tubercle bacil- 
lus still remains to be disclosed and awaits the development of suitably 
controlled tests and appropriate methods which will ensure sterility and 
the integrity of the enzyme being tested over the long period of time 
required for such action to be discerned. Apparently the pH of the 
medium in which the enzyme acts will require careful control to obviate 
misinterpretation from this source. 


The author is grateful to Walter Lawrenz and Stuart Germain for valuable assistance with 
the experiments recorded in this study. 
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MavrRIcE FisHBerG: Pulmonary tuberculosis. Volumes 1 and 2. Fourth 
edition, thoroughly revised. With 138 engravings and 8 plates, Philadelphia, 
Lea and Febiger, 1932, cloth. 15 dollars. 


By KARL FISCHEL 


In the fourth edition of his textbook Dr. Fishberg takes the reader on a very 
instructive, but rather personally conducted tour through all the phases and 
aspects of tuberculosis. By this is meant that he is presenting in an extremely 
thorough, readable and attractive way a system of phthisiogenesis and phthisio- 
therapy, the foundations of which are definite opinions on preventive and 
therapeutic measures based on personal experience, but hardly supported by 
the current literature or other conscientious workers. It may be admitted 
that a good teacher has to give his instruction in no uncertain terms to those 
who look for advice, to guide them through the pitfalls of diagnosis and the 
difficulties of treatment. But the very definiteness of his teachings on ques- 
tions which are still very much under discussion is open to criticism. A text- 
book with a wide circulation unfortunately is not a paper, which is read by 
fewer men, who, as a rule, are acquainted with the subject. Similar dogmatic 
statements, as expressed by Dr. Fishberg in his book, if made in a scientific 
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Any opinions expressed are to be considered as those of the reviewer alone, and the widest 
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however, good and sufficient reasons can be adduced, worthy anonymous or unsigned reviews 
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article would arouse a tempest of controversy and would be severely criticized 
and even repudiated by those who cannot agree with the author. In the 
case of a textbook no such recourse is possible. A book must be judged by 
the merits of its teachings and not by “‘weak spots” which can be detected 
easily in any book on such an immense subject. The reviewer wishes to point 
out that this diversity of opinion on controversial and essential questions is 
responsible for whatever faults one can find with Dr. Fishberg’s revised book. 
Just as the author does not know what compromise is, so the reviewer cannot 
compromise. 

An impartial review of a contribution with a marked tendency to partiality 
is hardly possible and critics are therefore bound to differ in their appraisal 
of the fourth edition. Those who share Dr. Fishberg’s views will claim, and 
rightly so, that it is the best and most useful English treatise on tuberculosis. 
It is a live and personal message and shows on every page the impress of the 
skilful clinician and the keen and critical observer. The reviewer, however, 
who is holding other views on pathogenesis and the principles of treatment can- 
not help being disappointed. ‘Thoroughly revised as the latest edition is, it is 
characterized by the same scepticism and pessimism as its predecessors. The 
reader must gain the impression from it that no advances whatsoever have 
been made in recent years. It is true that the book has been brought up to 
date, inasmuch as all the newer methods of treatment are discussed, but they 
are not looked upon with much favor and all are considered of little therapeutic 
value. Even if the marked tendency of pulmonary tuberculosis to spontane- 
ous healing is conceded, Dr. Fishberg’s ultraconservatism cannot be explained 
unless the final results of all methods of surgical collapse, which have come 
under his observation, have been extremely discouraging. It is needless to 
say that the results of any operative procedure depend to a great extent on 
proper indications, and the following sentence, “That it [artificial pneumo- 
thorax] is a valuable method will be appreciated when it is borne in mind that 
it is mostly indicated in cases in which everything else has been tried and 
found wanting; in other words when there is everything to gain and nothing 
to loose,” offers perhaps the best explanation for the disappointing late results 
on which the pessimistic evaluation of collapse therapy is based. For once, 
even those who believe in the value of surgery in the treatment of phthisis will 
be inclined to agree with Fishberg, and concur in his opinion that all methods 
of surgical collapse are of little value if applied as the last resort in cases in 
which everything else has been tried along hygienic, dietetic and climatic lines. 
The optimistic zeal of some workers who are using surgery freely may call for 
a watchful conservatism and for a correction of their immediate statistics, but 
certainly not for gross exaggerations, of which many examples can be found in 
Dr. Fishberg’s book. The reviewer can only express the hope that the author, 
who by his standing and by his publications exerts a tremendous influence on 
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the general practitioner, will modify his views on the value of surgical collapse 
and that the chapters on treatment will be more thoroughly revised or rewritten 
in the fifth edition. The task of the reviewer will then be more pleasant. 

Dr. Fishberg’s opinions on the importance of our present preventive meas- 
ures in the control of tuberculosis are equally pessimistic. He believes, as 
Léon Bernard does, that reinfection in tuberculosis is impossible, and states 
emphatically that the danger of reinfection in adults is negligible. It must 
be pointed out again that such a thesis could very well be advanced and 
defended in a paper, but must be considered dangerous teaching in a textbook, 
which will be used as a reference book for many years to come. It can be 
questione’ ..aether animal experiments, which, as the author himself admits, 
cannot be applied without reservation to spontaneous human infection, justify 
such sweeping statements and most workers will at present prefer to be on the 
safe side and to make the mistake of being too careful rather than to minimize 
the danger of exposure. The question of exogenous or endogenous reinfection 
is, after all, to the clinician who believes in the importance of allergic phenom- 
ena in tuberculosis, as Dr. Fishberg does, merely of theoretical interest and 
should in no way influence our prophylactic precautions. Since in the sensi- 
tized body the disintegration of reinfecting bacilli must act like an excessive 
dose of tuberculin, the clinician who objects to the latter must recognize the 
significance of exposure, even if he assumes that subsequent reinfections can- 
not “take.” Or, as Redeker puts it, that exogenous reinfection is the most 
frequent cause of endogenous reinfection and causes reactivation of old foci or 
the formation of new lesions. The fact that infraclavicular infiltrations are 
frequently found in orderlies, nurses, technicians or other persons who have 
been in intimate contact with tuberculous relatives, seems to suggest to the 
unbiased mind that contact does play a more than negligible réle in the patho- 
genesis of this early lesion. The high incidence of foci of acute origin in the 
exposed group is not satisfactorily explained by Dr. Fishberg’s working hypoth- 
esis that medical aid can be obtained and a diagnosis can be made at an 
early date wherea* tl.e majority of patients reaches the physician much later. 

It is to be regretted that Dr. Fishberg has taken it upon himself to decide 
controversial points to fit his own opinions instead of adapting his teachings 
more to current views and has thus invited adverse criticism of his otherwise 
excellent book. Under these circumstances, it may seem strange that the 
reviewer should nevertheless consider Dr. Fishberg’s book a most useful and 
even outstanding contribution. As it is in politics, so it happens in medicine 
that we have to acknowledge the merits of a treatise voicing views contrary to 
ours. The adherents of a more active therapy must take exception to the 
author’s ultraconservatism in questions of treatment and will feel that the 
picture of the value of all methods of collapse which is presented to the reader 
is distorted and retouched with dark colors. 
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This main criticism disposed of, the reviewer—like other critics—finds him- 
self in the position of the prophet who set out to censure and returned praising. 
It is gladly admitted that Dr. Fishberg displays the same critical mind which 
refuses to make concessions to a more active therapy without convincing proof 
of its value (to great advantage) in the presentation of the entire subject and 
that he incorporated in the discussion of all the other aspects of tuberculosis 
all advances of recent years. The book opens opportunely with a section on 
epidemiology in which all the known facts about the incidence of phthisis are 
presented. The headings of the following chapters give an idea of the wide 
scope of the work. The discussion of bacteriology, pathology and the phe- 
nomena of allergy is modernized and sufficiently concise to hold the interest 
of the general practitioner. The sections on symptomatology and the methods 
of physical examination are admirably written, and the importance of roent- 
genology as a valuable but not the deciding diagnostic method is duly stressed. 
The section on differential diagnosis, as might be expected, is excellent, even 
though Californian readers will miss a reference to one of their own diagnostic 
difficulties,—the coccidioid:1 granuloma. Dr. Fishberg’s extremely lucid and 
well-balanced presentation of all the clinical angles teaches the one important 
lesson, namely, that the tuberculous patient is not just “a pair of lungs on a 
pair of legs” but the bearer of a chronic systemic infection which may cause 
the most varied manifestations in both the lungs and all the other organs. 

To sum up: Dr. Fishberg’s book will prove of such great value to those who 
want to interest themselves in tuberculosis that it may seem a graceless task 
to pick flaws in it. It has, however, too personal a note, and is taxed with 
extreme views and too difficult positions to be praised unreservedly. Who- 
ever will invest time and money in it can however be assured that both will 
be well spent. 


Joun W. S. Brackxtock: Tuberculous disease in children: its pathology and 
bacteriology. With twelve plates and twenty-five pages of diagrams, pp. 155, 
Medical Research Council, Special Report Series No. 172, London, His Majesty’s 
Stationery, 1932, paper. 3s. 


By MAX PINNER 


Complete pathological studies on significant numbers of tuberculous children 
are few and far between. The almost exclusive position held, in this regard, 
by Ghon and his associates, must have been a challenge to confirm, modify or 
protest his results; and it might well be questioned whether his findings were 
universally representative or bore the marks of racial and social limitations of 
his material. Dr. Blacklock, under the auspices of the British Medical 
Research Council, has collected all cases of tuberculosis in children up to 13 
years of age, dying in the Royal Hospital for Sick Children at Glasgow, from 
March 1924 to November 1931. Out of a total of 1800 autopsies, 283, or 15.7 
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per cent, showed macroscopical evidence of tuberculosis. Pathological and 
histological studies were complemented by bacteriological work to determine 
the type of organisms. This part of the study is of particular interest, since 
in the Glasgow area many more bovine infections occur than in the United 
States or in Central Europe. 

Dr. Blacklock agrees with former workers that the primary lesion is suffi- 
ciently characteristic, and distinct from secondary foci, to permit its identifi- 
cation. Following the accepted standards for the recognition of primary 
lesions, he found the primary site of the infection in the lungs or intrathoracic 
lymph nodes in 61.1 per cent; in the intestines or their lymphatics in 35.7 per 
cent; in the cervical lymph nodes in 2.1 per cent; and in 2.5 per cent of the 
cases its site could not be ascertained. Of 173 cases with an obviously thoracic 
primary infection, the primary focus sensu strictiori in the pulmonary paren- 
chyma was identified in 148 cases, or 85.5 per cent; these are described in great 
and most satisfying detail. Their relation to lesions in the tracheobronchial 
nodes is constant and is characterized by a great similarity of the fundamental 
processes in either location, indicating that the lymph-node lesion is of the 
same or a slightly younger age than the parenchymal focus. No evidence 
was found of retrograde spread from lymph nodes into pulmonary parenchyma. 
A total of 83 primary pulmonary foci was examined in serial sections and with 
a number of pertinent selective staining methods. In spite of many interesting 
details revealed by this study, it will suffice here to state that the former 
reports on similar work on human material are fully confirmed: the primary 
pulmonary focus is an inhalation infection, and not a haematogenous or 
lymphogenous metastasis; it is a pneumonic (exudative) focus. The further 
developments of this focus are lucidly described and well illustrated. The 
author did not encounter the late and more or less healed states of complete 
fibrosis, calcification or ossification. In all but 14 cases, secondary pulmonary 
lesions were present, only 4 of which were classed as chronic. In only 4 cases 
(out of the total of 148 in this group) had a mediastinal lymph node perfo- 
rated into a bronchus, although caseation of some of these nodes was present 
in all; and in only one case had rupture into the oesophagus occurred. The 
occurrence of intestinal tuberculosis (58 cases) was dependent on the status 
of the pulmonary focus. When the latter was excavated or liquefied, intes- 
tinal ulcers were present. Their absence in other cases indicates that intes- 
tinal ulcers are the result of intracanalicular, and not of haematogenous origin. 
Since the cervical lymph nodes have cften been alleged to be a predominant 
site of primary lesions in children, it is significant to point out that in only 37 
of these 148 children, the “lower ‘Jeep cervical’ nodes were diseased, and all 
apparently by extension from more involved intrathoracic nodes. In addi- 
tion, indirect spread from pulmonary cavities to pharyngeal ulcers to cervical 
nodes occurred in a few cases. 
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In 101 children, or 35.7 per cent of the total series, the site of primary infec- 
tion was in the intestinal tract; in 18, intestinal ulcers were present; in the rest, 
tuberculosis of the mesenteric lymph nodes existed. In this group, spread 
was considerably less frequent than in the primary pulmonary cases. Whether 
this is due to an anatomical or bacteriological difference could not be decided, 
since either is definite. 

The bacteriological studies had the following results: all bacilli isolated 
from pulmonary primary foci, 94 strains, were of the human type. In the 
group of apparent primary thoracic infection, 25 cases, in which a primary 
focus could not be identified, 3 bovine and 13 human strains were isolated. In 
66 cases of primary abdominal infections, bacilli were isolated and typed; in 
81.8 per cent bovine bacilli were found. In primary cervical lesions and in 
those in which the portal of entry was not ascertained, bovine bacilli occurred 
in 16.7 per cent. From surgical specimens, 62 strains were obtained; in these, 
bovine bacilli originated from cervical lymph nodes in 64.3 per cent, from bones 
and joints in 34.6 per cent, from kidneys (2) in 0 per cent, from miscellaneous 
specimens in 66.7 per cent. The absence of bovine strains in definite pul- 
monary primary foci is a strong argument in favor of the aérogenous origin 
of pulmonary disease, particularly in a material that comprises so many 
bovine intestinal lesions with extensive secondary spread. 

In 97.1 per cent of the children with primary thoracic disease tuberculosis 
was the cause of death. But still, one would hesitate to follow Dr. Blacklock’s 
conclusion ‘that nearly all the children with tuberculous lesions in the lungs 
or tracheo-bronchial glands die in childhood as a result of the tuberculous 
disease.”” It seems hard to believe that the children in Glasgow should behave 
so abnormally with tuberculosis. But here are two more arguments in Dr. 
Blacklock’s contention: “the fact that, in our experience of autopsies on 
adults in Glasgow, the presence of healed tuberculous tracheo-bronchial 
glands is rare,” and “as the percentage of positive results [tuberculin tests] 
is nearly the same as the percentage incidence of tuberculous lesions found at 
autopsy in the first and second years of life, so nearly all the children with 
positive tuberculin reactions in the first 2 years must have succumbed to the 
tuberculous infection.”’ But, in principle, the approach to prognosis from the 
autopsy table is not felicitous; and it is hoped that doubt of the author’s con- 
tention will remain, as long as more convincing evidence is lacking, such as 
carefully collected data on healed primaries in adults, something akin to 
Schiirmann’s work, and tuberculin tests on significant numbers of apparently 
healthy residents of the Glasgow area. 

Dr. Blacklock’s study brings again to the fore two paradoxes, all too much 
ignored, in the problem of the primary pulmonary focus in human beings. 
Notwithstanding conclusions drawn from animal experiments, the evidence 
is overwhelming that the primary pulmonary focus in human beings is a 
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pneumonic (exudative) lesion. The argument that its earliest phases (in the 
human) are not known, and that they may be of a productive nature, is not 
valid, since, as Dr. Blacklock emphasizes in accordance with many previous 
workers, a productive development would leave its distorting marks on the 
elastic and reticular structures of the lung; such marks are regularly absent, 
even in old and anatomically healed primaries. The primary reaction of the 
lung to tubercle bacilli, that is, in nonallergic soil, is exudative, the type of 
reaction that is claimed to occur only in allergic tissue. On the other hand 
that the typical allergic reaction is exudative is certain beyond doubt. This 
is the first apparent paradox. Furthermore, disregarding for the moment the 
prognostically exceptional findings in Glasgow, it is fully agreed that primary 
foci often heal, probably more frequently than any other tuberculous foci. 
This means: frequent healing of foci that start in nonallergic soil, while the 
increase in resistance by previous infection seems well attested by experimental, 
clinical, pathological and epidemiological data. This is the second apparent 
paradox. It provokes the question: Does a healed primary focus increase 
significantly the resistance, or is it rather a witness to the (constitutional?) 
ability of its bearer to have conquered an infection, involving promises for 
future performance? 

Dr. Blacklock’s work is unusually thorough both in its patholegical and 
bacteriological aspects. The presentation is admirably clear and concise. It 
is obvious that a good many more data on the subject must have been in the 
author’s file; he should be complimented for his selection of the essentials for 
publication. The same balanced restraint is evident in his discussion of the 
literature. 


Emme SERGENT, Membre de l’Académie de Médecine: Les réveils de la 
tuberculose pulmonaire chez Vadulte, conditions de leur polymorphisme anatomo- 
clinique. With twenty-seven plates, pp. 226, Masson et Cie, Paris, 1933, paper. 
Fr. 34. 
By MAX PINNER 

Professor Sergent has here collected a number of papers by himself and his 
associates which were published in various magazines during the last decade 
or so. Although but little is added to the original papers there is a distinct 
value in this republication. It shows the unity of purpose in Doctor Sergent’s 
seemingly variegated studies. The individual papers combine quite naturally 
to form a concerted attack on that central problem in tuberculosis which the 
discovery of the bacillus has rather brought into sharp relief rather than helped 
to solve: the pathogenesis of pulmonary tuberculosis in the adult. The title 
in itself indicates with unquestionable definiteness one main opinion of the 
author; it places the discussion of this point hors concours: the clinical disease 
in the adult is a réveil. Whether the disease in the adult be caused by a new 
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infection or not, it is conditioned by the ever-present childhood infection. 
Recent epidemiological developments will undoubtedly necessitate a reopen- 
ing of the debate on this generally accepted tenet. For Professor Sergent it 
stands, so far, without a doubt or equivocation. 

The main interest of this monograph is seen in its methodological aspects. 
It views the problem of pathogenesis from three angles: the soil, the bacillus, 
and the entrance and distribution of the latter in the body. Any author who 
has attempted (as Sergent does) to explain the protean development of the 
disease must take into account a variety of factors, more or less similar to the 
three factors mentioned above. He may try to reduce the number of possible 
variables to a minimum, or he may see his task in listing all variables as com- 
pletely as possible. These two alternatives are identical with explanation 
and description; one leads to a conceptual theory, the other to a cataloguing 
of facts; one is the domain of deductive reasoning, the other is that of observa- 
tion. The work of the former type is to be scrutinized in regard to the logic 
of its construction; the latter in regard to the accuracy of its observations. 

The French savant’s book belongs essentially to the former type of work, 
in spite of the fact that it contains quite a few reports of clinical and experi- 
mental observations. But its broad explanatory principles as such cannot be 
judged fairly, because they are built, in part, upon observational data that 
provoke criticism. 

A filterable phase of the tubercle bacillus may or may not exist, but to repre- 
sent its existence as fact, proved beyond the possibility of a doubt and accepted 
by all competent authors, is doing violence to facts. To explain clinical and 
pathological entities that may or may not belong to the precincts of tuberculosis 
by the action of this at least problematical bacillary phase, seems hazardous. 
Case-reports and experiments that are reported in order to prove the reality 
of that filterable phase appear hardly convincing; particularly the clinical 
pictures which are ascribed to the action of the filterable virus could just as 
easily be explained without it. It seems that the logical necessity for assuming 
the existence of the fi!terable phase (in clinical work at least) is in inverse pro- 
portion to the thoroughness of the search for the real bacillus. Briefly, the 
virus is assumed to be at work in such conditions, in which tuberculosis is 
strongly suspected but cannot be proved bacteriologically, the failure of the 
bacteriological proof being a very relative term. Here are mentioned certain 
forms of so-called closed pulmonary tuberculosis, cases of asthma which later 
terminate in open tuberculosis, and particularly a clinical-roentgenological 
picture which Sergent calls perilobulitis. This is essentially a torpid intersti- 
tial process, whose anatomical manifestation was probably described by von 
Hansemann as lymphangitis reticularis. The roentgenological and clinical 
description of this entity is excellent and will be very helpful to a better under- 
standing of such cases that belong probably in the same group with conditions 
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described as chronic haematogenous pulmonary tuberculosis, peritruncal 
tuberculosis and certain forms of chronic interstitial fibrosis. It is Sergent’s 
belief that these forms are due to a lymphogenous (retrograde) distribution, a 
concept not easily followed for physiological, and especially demonstrable 
anatomical, reasons. 

In the chapter on the rdle of the terrain,—the soil,—Sergent speaks with 
the wisdom of the experienced clinician. The importance of accidental cir- 
cumstances and of nonspecific constitutional conditions are frequently over- 
shadowed in pathogenetic discussions by the exclusive attention given to 
bacillary and allergic factors. Sergent stresses the significance of constitu- 
tional factors, and assigns to them probably the greatest weight in pathogenesis, 
connecting modern points of view with those of his own clinical teachers of the 
prebacteriological period. Why, however, both constitutional and allergic 
factors should always be designated as humoral conditions—nonspecific and 
specific—remains unexplained. Exception may be taken to the author’s 
unexplained identification of anergy and decrease in resistance; since anergy 
may be caused both by specific and nonspecific influences, the sameness of 
anergy and decrease in resistance is reduced to an identity in definition. 

It is impossible to mention here all the points of interest, or all the opinions 
expressed that run counter to the usual American teaching. Some are dog- 
matically stated; many are ably propounded; all are beautifully expressed. 
This book should be an excellent antidote against complacent acquiescence 


with current ideas; it stimulates thought; it forces upon the reader reconsidera- 
tions of his own opinions. 


WALTHER SCHMID-SACHSENSTAMM AND Cart Waitz: Die Tuberkulose. Ein 
Leitfaden fiir praktische Arzte. With 46 figures in the text and a graph repre- 
senting tuberculogenesis, pp. viii + 230, Franz Deuticke, Leipzig and Wien, 
1733, paper. R. M. 10. 


By MAX PINNER 


The stated purpose of this book is to provide a text for the busy practitioner. 
Since the entire subject of tuberculosis, both pulmonary and extrapulmonary, 
is discussed in some two hundred pages, it was obviously necessary to touch 
only on the high spots and on the points that are of particular interest from a 
strictly practical point of view. It might be granted that the general aim is 
well accomplished, could it be assumed that the “busy practitioner” will read 
religiously, word by word, this fairly monotonous text, which lacks, particu- 
larly in view of its specific purpose, the guide-posts of emphasis. It would be 
unjust, by way of an example, to say that the essentials of early diagnosis are 
not properly discussed. They are however so submerged in less essential 
details that they fail to assume the proper proportions of importance. The 
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same is true of other significant topics. There is a decided lack of differentia- 
tion between essentials and nonessentials, between probabilities and certainties, 
a differentiation which is peculiarly important in a strictly didactic book. The 
actual contents of the book represent a sound and fairly conservative digest 
of the current Central-European teachings in tuberculosis. The best part of 
the book is probably the collection of 27 well-illustrated case-histories, which 
form the last chapter. 


ANDRE Bocguet: La cessation et les résultats éloignés du pneumothorax arti- 
ficiel, pp. 168, Paris, Louis Arnette, 1932, paper. 


By CHARLES W. MILLS 


The immediate favorable results of artificial pneumothorax have been recog- 
nized since the treatment began to be used. The method has now been in use 
sufficiently long for an evaluation of ultimate results, especially in cases whose 
treatment has been terminated, and it is only by such results that its real 
value can be determined. The monograph under review is a most thorough 
and clearly presented study and analysis of the subject from this standpoint. 
Are these ultimate results sufficiently good to outweigh the inconveniences 
and risks? How is healing produced, what sort of a healing is obtained and 
how permanent? These are the questions posed by the author. 

The material consists of 276 patients treated by the method at the Clinic 
for Tuberculosis of the Laénnec Hospital in Paris, from 1919 to 1926. Indica- 
tions and selection of cases, the mechanism of reéxpansion, accidents and 
complications during and following the treatment and their effect on prognosis, 
criteria for discontinuing treatment, and ultimate results are all searchingly 
analyzed in this excellent study. 

Influencing the process of reéxpansion are such factors as the age of the 
pneumothorax, the degree of collapse, the amount of fibrosis in the lung both 
prior and subsequent to the collapse, the character and extent of the initial 
lesions, the condition of the pleura, and the character of the neighboring organs, 
thoracic wall, heart and mediastinum. Expansion usually takes place from 
below upward. Extensive pulmonary or pleural sclerosis or exudates may in 
a few cases, especially those long treated, greatly hinder or even prevent com- 
plete reéxpansion. The lessened volume of the lung resulting from the healing 
of its lesions must of necessity be compensated for by the retraction of neighbor- 
ing organs. 

Generally reéxpansion takes place without any disagreeable clinical manifes- 
tations. There may however be some functional disturbance of the heart 
due to retraction of the mediastinum, or the development of pleural effusions, 
so-called pleurisies a vacuo. Careful attention to the spacing of refills will 
generally prevent these. 
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Accidents occurring during treatment are generally of pleural origin. A 
dry adhesive pleurisy may cause a premature expansion of the lung. This is 
often, but not always, followed by renewed focal activity. On the other hand, 
a late obliteration of the cavity from this cause is generally favorable, 35 per 
cent of the series ending this way. Benign pleural effusions are generally of 
little significance and in fact often seem to influence prognosis favorably. 
Tuberculous empyemata, occurring in about 6 per cent of the series, whether 
secondarily infected or not, fortunately not frequent, are serious and affect the 
prognosis unfavorably. Oleothorax or thoracoplasty may have to be resorted 
to, often with brilliant results. Pleuropulmonary perforations are uncommon 
but, unless small, are apt to be very serious and often fatal. There were 6 
cases in the series. 

Much more frequent than such accidents as a cause of failure are reactiva- 
tion of old or development of new pulmonary lesions. Relapses at the site of 
the old compressed lesions occurred in only 15 cases, which, considering the 
well-known tendency of tuberculosis to relapse, speaks well for the remarkable 
efficacy of pneumothorax treatment. These frequently are due to allowing a 
too early reéxpansion of the lung. They may occur, however, years after 
reéxpansion is complete. More frequent is bilateralization of lesions, occur- 
ring in one-fourth to one-third of all cases. The same factors are at play as in 
nonpneumothorax patients. It occurs much less frequently in patients whose 
sputum has been rendered nonbacillary by the treatment. Fifty-two per cent 
of those still bacillary after pneumothorax treatment and only 9 per cent of 
those nonbacillary suffered a spread to the oppositelung. Bilateralization long 
after successful pneumothorax treatment is uncommon, occurring in only 4 
per cent. Extrapulmonary localization after cure and reéxpansion is excep- 
tional (three cases). 

In deciding whether to terminate a successful pneumothorax the following 
points are of importance: 


1: The character of the initial lesions. 

2: The efficacy of the collapse. 

3: The rapidity of the effects. Quick disappearance of symptoms usually means rapid and 
solid healing. 

4: Incidents occurring in the course of healing. Pleural effusions may hasten healing. New 
lesions appearing should cause a postponement of termination. 

5: The general condition of the patient. Absence of malaise and ability to work are of great 
importance. 


Especially important are a nonbacillary sputum and serial X-ray evidence of 
closure of cavities. As toa time limit, the point of departure is the permanent 
disappearance of tubercle bacilli from the sputum. From his own statistics 
and those of others, the author believes that generally, at least, four years 
should elapse from the time tubercle bacilli disappear before discontinuing 
treatment. Some of the factors mentioned above may make it advisable to 
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extend this limit considerably in individual cases. In terminating treatment, 
the lung should be allowed to. expand slowly under careful roentgenological 
observation and if possible with the patient under control in a sanatorium. 

In prefacing his general review of ultimate statistical results, the author 
states that, in spite of the remarkable efficacy of artificial pneumothorax, we 
must recognize the limitations of the method, remembering the diversity of 
clinical forms of the lesions, the deficiency of certain soils, the resistance to 
collapse of lesions either very ulcerative or very fibrous, the danger of secondary 
localization, and above all the possibility of pleural adhesions preventing 
efficient collapse. In the case of inefficient pnetimothorax which has failed to 
close cavities or to render sputum negative, ultimate results are not greatly 
affected. Perhaps we should regard these cases not as failures of the method 
but as cases where the method was impossible of application. 

The ultimate results of treatment in the 276 cases of the series fall into 5 


groups: 


1: Very good results with pneumothorax terminated. This group comprises 74 cases; 70 
cases of simple pneumothorax, one of alternating pneumothorax, 2 of disinfection oleothorax, 
and one of thoracoplasty following pneumothorax. All these patients are doing very well 
and leading normal lives after several years. 

2: Apparently cured with pneumothorax still continued. Nineteen cases; 14 simple pneumo- 
thoraces, 3 alternating pneumuthoraces, and 2 bilaterals. All these are in very satisfactory 
condition, with bacilli long absent from the sputum and the lesions firmly healed. Pneumo- 
thorax is being continued either because of difficulties encountered in trying to stop it, because 
sufficient time has not yet elapsed, or because the patient, feeling more secure with it, prefers 
to have it continued. ; 

3: Fair results. Fifteen cases; 5 with mild reactivation of the old lesions, 7 with effective 
pneumothorax, but late bilateralization, one with an extrapulmonary localization, and 2 oleo- 
thorax cases. All these patients have evidence of some focal activity, often with a positive 
sputum, but are in good general condition. 

4: Poor results or dead. Ninety-four cases. There have been many different causes of 
failure: fatal perforations, malignant pleurisies, intestinal localization, etc.; but nevertheless 
in the great majority the failure has been due to an inefficient collapse because of pleural 
adhesions. The only practical deduction from this is not to wait too long in cases in which 
collapse is inefficient before trying some other therapeutic measure such as pneumolysis, 
phrenicectomy, or thoracoplasty. Of those whose pneumothorax was efficient, one died of 
pneumonia, one of a late perforation after termination of the pneumothorax, and one of 
meningitis after an apparent cure. 

5: Results unknown. Seventy-four cases. There is reason to believe that 38 of these cases 
should belong in the ultimately favorable group. 


Adding the first two groups and the 38 in group 5, gives a total of 48 per cent 
of the total number who have secured ultimately favorable results. 


EDGAR Mayer: The curative value of light. First edition, with one plate, 13 
Sigures and 3 charts in the text, pp. vii + 169, D. Appleton & Company, New 
York, 1932, cloth. $1.50. 
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By AARON E. MARGULIS 


This addition to the Appleton Popular Health Series is most timely. The 
renaissance of scientific interest in the physiological and therapeutic effects of 
light during the last three decades, and the more recent striking discoveries of 
the relationship between light, vitamines and disease, have stimulated a wide- 
spread popular interest in sun-bathing by furnishing the modest factual basis 
to which has been added the uncritical hyperbole of nudist cults, manufac- 
turers of sundry artificial sources of radiant. energy, nonmedical physio- 
therapists, and the demands of cosmetic fashion. Dr. Mayer has written a 
concise, readable, popular presentation which should prove a restraining factor. 
Conservative yet not nihilistic, rational but not pedantic, he has differentiated 
in a convincing way between fact and fancy, and has well emphasized the 
dangers involved in indiscriminate exposure to the sun. Throughout, how- 
ever, a subdued enthusiasm retains faith in the very real but as yet incompletely 
defined therapeutic réle of light. 

The subject is presented and developed in a simple manner. A brief 
historical introduction, emphasizing the pioneer work in our era of Bernhard, 
Rollier, and Finsen, is followed by an elementary discussion of the physical 
nature of light, spectra, and the action of light on the body. It is admitted 
that a precise statement of the last is not possible in the present state of knowl- 
edge, the value of light lying more probably in its general rather than specific 
effects, with the possible exception of the intracutaneous formation of vitamine- 
D-like substances. Psychological as well as physiological factors are of im- 
portance. There follows an outline of the Rollier technique of sun-bathing in 
health and disease with commendable emphasis on auxiliary air-baths. A 
chapter is next devoted to the relation between light and disorders of bone, 
particularly rickets. A discussion of light in relation to tuberculosis follows, 
which, in accord with the author’s extensive experience in this field, is the best 
in the book. Here reserve in pontifical statement is particularly noteworthy. 
Light is viewed as an adjuvant, not a specific, except in Lupus vulgaris. Pres- 
ent information necessitates the opinion that light is not of material help in 
pulmonary tuberculosis. It is definitely contraindicated in Lupus erythema- 
tosus. In all other forms of tuberculous disease, however, although it ranks 
after rest, dietetic, and hygienic factors as a means of aiding recovery, it is 
an indicated agent of definite value. It acts by increasing the bodily re- 
sistance against the disease. The concluding chapters of the book are de- 
voted to a discussion of the use and abuse of radiation in the treatment of 
sundry infections, anaemias, and skin disorders; a description of the various 
artificial sources of radiant energy and their respective uses and limitations; 
and finally a brief outline of the relation between light and the vitamines, 
particularly A, C, and D. 

In a book intended for popular consumption, dogmatism on equivocal 
points is pardonable, and even necessary, in the interests of simplicity, yet 
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Dr. Mayer has reduced this toa minimum. Detailed critical analysis is there- 
fore not warranted. It might be pointed out that exception might be taken 
to the concept of rickets as a dietary deficiency disease. Also it is not made 
sufficiently clear that maximum periods of exposure are a function of latitude 
and altitude; three hours of total exposure, which Dr. Mayer states is a safe 
limit, would certainly be excessive, for example, in the southwest desert. 
The omission of a discussion of the possible réle of radiation as a focal reacti- 
vator in tuberculosis, somewhat akin to the action of tuberculin, is pardonable 
in a nontechnical treatise. The pitfalls of popular presentation and certain 
antitheses inherent in all such tracts are however encountered. This reviewer 
believes that the most one may expect of the casually reading public is that 
they be decently opinionated rather than accurately informed. For more 
inquiring minds the author’s technical treatise, Clinical application of sunlight 
and artificial radiation, and his more recent Present status of light therapy, which 
appeared at the request of the Council of Physical Therapy in the Journal 
of the American Medical Association, are available. The dominant idea 
consistently emphasized in this book is that light is a potentially dangerous 
agent acvisedly utilized only under medical supervision. Yet the blurb 
on the jacket states that it “tells you how and how long to take your sun- 
bath .... how to buy a health lamp and what type to buy” and on page 58 is a 
complete chart of procedure—surely at least a temptation! Moreover the 
impression one is apt to be left with is that even the expert knows surprisingly 
little. In this connection a rather slighting reference to a frequent therapeutic 
misconception on the part of the much-abused general practitioner, on page 
104 and repeated on page 146, might better perhaps have been omitted in a 
popular presentation. Internal evidences of haste in construction, a rather 
excessive amount of repetition and occasional inconsistencies in data, mar 
somewhat the smoothness of the presentation. 

On the whole Dr. Mayer has most commendably performed a necessary 
task. Many heliotherapists and phthisiologists will undoubtedly find it 
expedient to place this book in the hands of their inquisitive patients. There 
is a useful index but not a bibliography. The book is creditably executed 


typographically. 


P. D’Arcy Hart: The value of tuberculin tests in man, with special reference 
to the intracutaneous test. With 15 tables, 11 charts and 5 appendices, pp. 136, 
London, Special Report Series, No. 164, Medical Research Council, His Majesty’s 
Stationery Office, 1932, paper. 2s. 


By HENRY STUART WILLIS 


A good many questions remain unanswered in reference to the relations between 
tuberculous infection, tuberculosis and hypersensitiveness. At present the 
tuberculin reaction cannot indicate whether the reactor has fresh infection or 
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healed infection,—whether infection is present or extinct. Information is 
still desired upon the significance of the degree of tuberculin hypersensitiveness 
in respect to clinical tuberculosis on the one hand and mere tuberculous infec- 
tion on the other. The prognostic implications of the tuberculin test are 
highly nebulous, as are also many problems in the epidemiology of tuberculosis. 
On these the application of the tuberculin test may eventually throw light. 
Although the literature abounds in tuberculin studies and surveys, this one by 
Hart possesses several refreshing features and is, on the whole, a welcome con- 
tribution. 

This book, sponsored by the Medical Research Council, is composed of two 
parts in which the diagnostic and the epidemiological application of the tuber- 
culin test are considered. It is built around the results of the tuberculin test 
in 1,030 clinically tuberculous persons of all ages who represented all types and 
stages of the disease. It compares these results with those of the test in 751 
clinically nontuberculous patients. It considers the results, in their epidemio- 
logical implications, of the test in 118 children coming from tuberculous house- 
holds and in 513 children of comparable social and economic strata without 
such contact with infection. 

The scheme employed consisted of quantitative intracutaneous testing with 
varying dilutions of Old Tuberculin. Beginning with a dilution of 1:10,000, 
the writer repeated the test on nonreactors through the stages of dilution of 
1:1,000, 1:100, 1:10 and 1:1. 

A few of the facts revealed are these: (1) quantitative tuberculin tests are 
often helpful in the diagnosis of tuberculosis; (2) the percentage of reactors to 
weak dilutions is definitely higher among the clinically tuberculous, yet too 
few patients with clinical tuberculosis will react to weak dilutions for the pro- 
cedure to have practical value; (3) the positive reaction has considerable 
diagnostic value in early life but little in other years: consequently (4) the 
usefulness must come chiefly from the negative response; (5) the negative 
response (to 1:10 dilution) excludes tuberculosis with a high percentage of 
accuracy, which appears to be almost the same at every age—the error is 
about 2 per cent; (6) dilutions of 1:10 lead to a cutaneous reaction in nearly 
98 per cent of toxic patients with far-advanced tuberculosis, which indicates 
that extreme tuberculosis depresses rather than obliterates sensitiveness; (7) 
the contrast between the reaction in clinically tuberculous and clinically non- 
tuberculous subjects is greatest in the early ages (for instance 96.5 per cent to 
18.5 per cent at age 5), but is approximately equal in the two groups in adult 
life (97.8 to 95.0 per cent); (8) a negative test is of varying value and its useful- 
ness in diagnosis depends upon the known prevailing incidence of reactors, and 
age, social status and residence (urban or rural); and (9) no practical advan- 
tages follow the use of a dilution stronger than 1:10. 

The investigation of contacts revealed that up to age 10, 59 per cent reacted 
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and up to age 15, 62 per cent reacted, while in the moncontact group these 
figures were 18 per cent and 24 per cent respectively. Children from tuber- 
culous households are much more likely to have tuberculosis than to have 
immunity to tuberculosis, and their mortality rate is much higher than that of 
the general population. Yet the mortality figures for such exposed groups is 
greatly less in England than those given by Calmette for France. It is certainly 
advisable to separate infectious parent and child pending the outcome of the 
Calmette experiment. The survey points out that tuberculous infection is not 
so universal among (London) children as earlier surveys in various cities 
indicated. It also emphasizes the value of the tuberculin test as a diagnostic aid 
in obscure disease and, in adenitis of uncertain aetiology, it suggests that the 
incidence of the reaction in a community probably represents “‘the risk of ex- 
posure incurred by its members,” and it states that systematic tests on children 
“‘may throw light on a new clinical entity—a transient and benign illness 
accompanying tuberculous first infection.” 

Altogether, the work appears rather too long and too detailed, but it is 
thoroughly well done. It has collected and reviewed the literature pertinent 
to its several subdivisions in admirable fashion. Its deductions and conclu- 
sions appear to be quite sound. The work may be highly recommended as 
giving a cross-section of the subject with which it deals. 


Davip T. SmitH: Oral spirochetes and related organisms in fuso-spirochetal 
disease. With 53 figures in the text, pp. xii + 243, Baltimore, U. S. A., The 
Williams & Wilkins Co., 1932, cloth. $4.50. 


By MAX PINNER 


The history of fusospirochaetal organisms begins with Leeuwenhoek. In the 
early bacteriological era they again attracted much attention, probably in part 
on account of their ubiquity and partly because of their distinct morphology. 
Since their association with disease became known, and later when the knowl- 
edge grew that they played such an important réle not only in diseases of 
surfaces and wounds, but in pulmonary conditions as well, an enormous litera- 
ture grew up, so that now Dr. Smith can append a list of 822 references to his 
monograph. It is no easy task to wade through this amount of material; it is 
all the more difficult because a large part of the literature is concerned with 
classification and morphological details of the organism, with case reports, and 
with more or less successful attempts at isolation and pure culture. Clinical 
casuistry is over-burdened by fanciful therapeutical attempts, and, worst of 
all, the passion for casually accumulated case reports (at times) which were 
not based on the recognition of the disease, but on the finding of the all but 
ubiquitous organisms. If the author had done nothing but bring order into 
this maze, to present intelligently the worth-while knowledge, to separate 
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facts from fancy, his book would be very valuable. But his contribution 
goes considerably further. For a number of years, he has done important 
studies on fusospirochaetal disease. He has helped to clarify the problems 
of bacteriological diagnosis, of experimental production, of pathological 
anatomy and of treatment. Weaving into the well-arranged fabric of accumu- 
lated facts the results of his variegated studies and the balanced judgment of 
his own practical experience, he has written a book that is complete, up-to-date 
and well organized. In the first five chapters, the organisms as such are dis- 
cussed. While we know probably too much, if anything, of morphological 
details, the methods for pure culture are incomplete; and as indicated in 
many instances, taxonomic and even pathogenetic grouping must remain 
sub judice until cultural methods are more completely worked out. Chapters 
6 to 32 are concerned with diseases caused by fusospirochaetal organisms. 
The causative relation is not beyond doubt in all the conditions listed, although 
the rather regular association of the organisms with the lesions cannot be 
doubted. In this connection, the experimental production of the diseases, 
thoroughly discussed in all the conditions of major importance, is of particular 
interest; especially since Dr. Smith speaks here with the authority of first-hand 
knowledge. Fusospirochaetal infections occur with greatest frequency in 
the mouth and respiratory system (Vincent’s angina, noma, trench-mouth, 
pyorrhoea, dental infections, Ludwig’s angina, lingual lesions, bronchopul- 
monary conditions, such as abscess and gangrene and bronchiectasis). Other 
localizations include the eye, gastrointestinal tract, and skin, praticularly 
around the external genitalia. 

In the title of the book, “oral spirochetes” appears in considerably larger 
print than “fuso-spirochetal disease.” This distinction is fully justified by 
the contents: the diseases as such, particularly in their purely clinical aspects, 
receive not the same thorough and adequate treatment as do bacteriology and 
experimental pathology. This is mentioned by way of information and not by 
way of criticism, since it would not be fair to criticize a book beyond its self- 
appointed scope. 

Chapters 21 and 22, dealing with “‘Fuso-spirochetal pulmonary abscess and 
gangrene” and with ‘“Fuso-spirochetal disease of the bronchi,”’ are most pro- 
vocative of doubt and criticism. Objection must be raised against the state- 
ment that the difference between abscess and gangrene is only one of extent, 
ignoring the fundamental differences in tissue processes which characterize the 
two conditions. The effacing of what appears to the reviewer an essential 
distinction between the two conditions invalidates somewhat the value of the 
subsequent statistical data on bacteriology and pathology. The diagnosis, 
gangrene must be limited to gangrenous tissue destruction, regardless of the 
presence or absence of fusospirochaetal organisms. And it seems doubtful 
whether a true abscess is ever caused by fusiforms and spirochaetes, again 
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regardless of their presence or absence. Bronchiectasis without pathological 
change in the bronchial wali, a mere mechanical dilatation, as discussed by the 
author, seems a most questionable reality. Dr. Smith has probably not many 
followers who will agree with his opinion “that this group of anaérobic organ- 
isms is the cause of primary bronchiectasis.” 

The pathogenic action of the fusospirochaetal organisms involves some most 
interesting broad biological principles. First the curious symbiosis which 
may or may not be solved according to Tunicliff’s unitarian conception. 
Then there is the paradoxical condition that these almost ubiquitous sapro- 
phytes cause at times most destructive and often fatal lesions; that they, so 
frequently found on normal tissue, give rise to explosive epidemics. In spite 
of their low virulence, as shown by their saprophytic existence, and by the mas- 
sive dosage that is necessary in experimental infection, they may become over- 
poweringly invasive. The irregular results in animal infection point, too, to 
totally unexplained factors, either of individual resistance or of microbic 
variation. It is surely true that the aetiological agent does not explain one- 
half of the pathogenesis of fusospirochaetal disease. Dr. Smith mentions 
predisposing factors, such as poor hygiene, intercurrent disease and vitamine 
deficiencies, but he refrains from a principal and general discussion of these 
problems. It would have been interesting to have the opinions, conjectural 
as they need be, of a man who has spent so much thought on this subject. 


The book is pleasingly finished; the illustrations are well chosen and clearly 
reproduced. The concise directions for diagnosis and treatment will be very 
helpful to the man in practical work. 


Don C. SuTTON AND HAROLD LuETH: Diseases of the coronary arteries. First 
edition. 3 plates and 42 figures in the text, pp. 161, St. Louis, Missouri, C. V. 
Mosby and Company, 1932, cloth. Price $5.00. 


By W. PAUL HOLBROOK 


This book has been presented in a chapter sequence that will appeal to the 
clinician. The authors have elected to use the term chronic myocarditis to 
indicate the changes occurring in the heart-muscle because of arteriosclerotic 
change in the vessels. Considerable objection may be offered to this termin- 
ology. 

The case reports are well selected to illustrate the variation in sympto- 
matology in patients with coronary disease. Unfortunately, from the stand- 
point of organization, the subject matter of the chapters is not segregated very 
concisely. The chapters on symptomatology and physical examination include 
much material that might better have been presented in a later chapter. 
Discussion regarding the type of electrocardiogram might well have received 
some additional attention. The facts presented are convincing, but quota- 
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tions from the literature are so numerous that continuity is sacrificed. The 
chapter on pathology is an excellent review of the literature with several well- 
chosen photomicrographs. 

The chapter on physiology and pharmacology is exceptionally well written 
and is, without doubt, the best brief presentation that the reviewer has seen. 
The chapter is well organized and presents very concisely a review of the 
literature concerned with the study of coronary circulation. The authors are 
excessively modest in reporting their own valuable contribution to our knowl- 
edge of the mechanism involved in the production of pain. An excellent 
summary is provided, tabulating the effects of various drugs on coronary 
circulation. Special attention should be called_to the work of Anrep and his 
coworkers in studying coronary circulation with the heart-lung preparation. 
The discussion of treatment appears somewhat abbreviated, but emphasizes 
effectively the relatively few helpful things that can be done for the patient 
with coronary disease. Very scant mention, however, is made of the important 
psychogenic factor in precordial pain, and a more comprehensive discussion 
of this problem and its treatment would have been helpful. 

This book can be heartily recommended. It is the reviewer’s opinion 
that the chapter on Physiology and Pharmacology is alone worth its price. 


HANDBUCH DER KINDERTUBERKULOSE: edited by Prof. Dr. St. Engel and Prof. 
Dr. Cl. Pirquet, Volume I, with 481 partly colored illustrations, pp. xii + 886, 
Leipzig, Georg Thieme, 1930, paper. Mk. 142. 


By MAX PINNER 


This is one of those rather monumental handbooks characteristic of German 
medicine. The editorial work was done by Prof. St. Engel and by the late Prof. 
Cl]. Pirquet. After the latter’s death his work was continued by Dr. Priesel. 
For a really adequate review of such a handbook it would be necessary. to dis- 
cuss its merits both as an entity and in regard to the individual contributions. 
Since this first volume contains 37 separate chapters, written by an almost equal 
number of authors, it is obviously impossible to fulfill the second half of the re- 
quirement mentioned; and therefore only an inadequate attempt is made to give 
an idea of the general quality and scope of this work. 

Viewed in its totality, it provokes criticism on account of a marked lack of 
uniformity, one might say a lack of editorial discipline. One misses a unity 
of spirit and purpose. Some of the individual contributions are thorough 
encyclopaedic reviews with—at times painfully—complete enumerations of all 
facts and references; others are strictly monographic reports of the author’s 
work only; still others are more or less didactic chapters of a textbook; some 
chapters are strictly objective reviews, some subjective messages; some concen- 
trate entirely on practical teachings, others on theory or on colorless informa- 
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tion without an attempt to differentiate between essentials and unessentials. 
The bibliographies that follow each chapter are equally devoid of uniformity; 
some are the thoroughly complete lists, customarily found in such handbooks; 
others are so totally unrepresentative and sketchy as to be practically useless. 

While the difficult task of achieving uniformity has not been fulfilled, the 
editors deserve highest praise for their selection of contributors; practically each 
chapter is written by an author who has distinguished himself in the specific 
field in which he writes. The excellency of the individual contributions is a full 
compensation for whatever fault one may find with this book asa whole. Each 
account is eminently authoritative within its particular scope. 

The subject matter treated in the first half of this volume is as follows: 
microbes, portals of entry, epidemiology, pathological anatomy, general path- 
ology. The second half is devoted to clinical features, the main chapters being: 
primary, secondary and tertiary stage, extrapulmonary tuberculosis and differ- 
ential-diagnostically important diseases. Practically each chapter is further 
subdivided. 

Both the typography and the illustrations are beautifully executed; the 
roentgenological reproductions are particularly excellent. 

The reviewer wishes to recommend this book warmly to anyone interested 
in tuberculosis or pediatrics. 
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BILATERAL PHRENIC EXAIRESIS IN PULMONARY 
TUBERCULOSIS 


Report of a Case! 
H. SCHWATT 


Therapeutic bilateral phrenic interruption, according to Iselin (1), 
was probably first practised by Jehn, during the World War, in cases of 
grave tetanus with asphyxiating spasm of the diaphragm, to permit the 
application of prolonged artificial respiration. Sauerbruch, in 1914, at 
Jehn’s (2) instigation, performed a simultaneous bilateral phrenicotomy 
on a boy eight years old, and Kroh (3), not daring to perform complete 
section of the nerves, did a partial Lilateral phrenicotomy for the same 
indication. 

Since then, temporary and permanent bilateral phrenic interruption 
has been employed, almost entirely for the relief of intractable singultus, 
and preparatory to operations on the diaphragm and abdominal organs. 
Cases without fatalities or serious respiratory embarrassment following 
the procedure have been reported by Kroh (3), Goetze (4), Oehler (5), 
Kappis (6), Lehmann (7), Ghose (8), and, in this country, by Weeks 
(9), Gamble, Pepper and Mueller (10), Dowman (11), Speirs (12), 
Skillern (13), and Smith (14). Miller (15) and Welles (16) have each 
reported one case of bilateral phrenic exairesis for the treatment of un- 
controllable hiccough complicating far-advanced pulmonary tubercu- 
losis, and Brunner (17) had recourse to blocking of both nerves with 
cocaine for the same symptom occurring after a thoracoplasty. 

A careful search of the literature reveals that Curti (18), in 1924, was 
the first to employ bilateral phrenicotomy and phrenic exairesis for the 
treatment of pulmonary tuberculosis, and that in 1927 he published his 
observations and results in 6 cases. Within the past four years only five 
additional cases have been reported, one each by Thomsen (19), Diinner 
and Heilborn (20), Curti (21), Honan (22) and Duryea (23). It is 
probable, however, that the procedure has been employed by other 
European clinicians. Iselin (24) stated that he and Armand-Delille 
performed phrenicotomy on the contralateral side in cases of artificial 


1 From the Sanatorium of the Jewish Consumptives’ Relief Society, Spivak, Colorado. 
165 


‘ 
g 


166 H. SCHWATT 


pneumothorax, and that in several of these the paralysis of the diaphragm 
was subsequently made bilateral. 

Apparently, the practice did not attract very much attention in this 
country. Geer (25), in 1930, wrote: “I know of no case where bilateral 
phrenic evulsion has been done for pulmonary tuberculosis.” 

In view of the small number of cases so far published (26), the follow- 
ing case is reported as a contribution to our meagre knowledge of the 
indications, the immediate and late results, and of the legitimacy of 
bilateral, radica! phrenic interruption in the treatment of tuberculosis. 


Report of Case 


Miss E. S., aged 25, admitted March 21, 1931. Family history negative for 
tuberculosis. In 1927 she developed cough and expectoration, with occasional 
blood-streaked sputum, fever to 100° and 101°, and loss of weight. In June, 
1928, there occurred a moderate haemoptysis, and in October a more profuse 
one. In the early part of 1929, she was ill, for one month, with acute pleurisy 
and fever. On October 20, 1929, she entered St. Luke’s Home, Phoenix, 
Arizona, and was classified as a far-advanced, bilateral case of pulmonary 
tuberculosis, with the major and active lesion and a cavity on the right side 
(figure 1). 

In March, 1930, artificial pneumothorax was attempted on the right side 
unsuccessfully. On April 24, an exairesis of about 8 cm. of the phrenic nerve 
on that side was performed. Roentgenogram (figure 2) about six months later 
showed a rise of the right hemidiaphragm of nearly three interspaces, and a 
considerable decrease in the size of the cavity. She was discharged from 
St. Luke’s Home, November 30, 1930. 

On admission to the Sanatorium of the Jewish Consumptives’ Relief Society 
her chief complaints were moderate cough, with one ounce of expectoration in 
24 hours, and moderately severe dyspnoea. She was 10 lbs. below standard 
weight. The temperature was up to 99.6° in the evening and pulse between 
80 and 112. Sputum was positive for tubercle bacilli. She had 5,900,000 
erythrocytes, a white cell count of 9,300, haemoglobin 80 per cent, and color 
index 0.67. The erythrocyte sedimentation rate was 24.5 mm. (2-hour reading); 
the vital capacity was 37 per cent of the normal; and blood-pressure, 100 
systolic and 80 diastolic. 

Physical examination revealed an extensive bilateral involvement. The 
lesion on the right side was apparently quiescent; no cavity signs could be 
elicited. On the left side the lesion was active, especially in the midlung 
region. 

Fluoroscopy showed complete paralysis of the right hemidiaphragm at a 
position about 5 cm. higher than the left. 


Fic. 1. Appearance March 27, 1930, one month before right phrenic exairesis. Cavity 
right middle lung field. 

Fic. 2. Appearance October 6, 1930, about five and one-half months after right phrenic 
exairesis; rise of diaphragm; cavity smaller. 

Fic. 3. Appearance March 25, 1931. Cavity has become replaced by an opaque shadow. 
Left side shows increased infiltration middle lung field. 

Fic. 4. Appearance September 23, 1931. Cavity-formation left middle lung field. 
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Roentgenogram (figure 3) showed the dome of the right hemidiaphragm at 
the upper border of the fourth rib. In the midlung field, opposite the third 
rib, there was an opaque shadow, which was interpreted as the fibrotic resid- 
uum of the cavity seen in the previous roentgenograms. The lesion on the 
left side presented the appearance of a caseous, infiltrative process, most pro- 
nounced between the third and fifth ribs, with a small honey-combed area near 
the hilum. 

The patient pursued an active and progressive clinical course, with per- 
sistent moderately febrile temperature, increasingly severe cough with ex- 
pectoration rising to 2 ounces, loss of 7 lbs. in weight, acceleration of the sedi- 
mentation rate to 51 mm., increasing secondary anaemia, and a rise of the 
white cell count to 14,000. 

Roentgenogram (figure 4), taken 6 months later, showed that there had 
occurred a destructive process on the left side with the formation of a well- 
defined cavity, 3.5 by 4.5 cm. in diameter, in the midlung region close to the 
chest-wall, and an increased degree of infiltration of the rest of the lung. The 
right side presented no change. 

On October 26, 1931, an unsuccessful attempt was made to collapse the 
left lung by artificial pneumothorax. This was followed by a febrile reaction 
for 6 days with a maximum temperature of 102.6°. 

In view of the unfavorable prognosis, a left phrenic exairesis was performed 
on November 6, and 6 cm. of the nerve was evulsed. 

Following the operation there was no increase in the shortness of breath 
when patient was resting. On exertion, however, the dyspnoea was severe, 
but at no time alarming. 

Fluoroscopy, three days after the operation, showed that the left hemi- 
diaphragm had risen to about the level of the right hemidiaphragm, or a dis- 
tance of a little over 5 cm. 

For seven months following the left phrenic exairesis the patient showed a 
considerable degree of improvement. The shortness of breath, although it 
remained the most pronounced symptom, decreased, and she became able to 
undergo considerably more physical exertion, although the vital capacity 
decreased from 1100 to 900 cc. The cough and expectoration lessened by 
more than 50 per cent. The temperature became normal, and the pulse 
slower and more regular. The patient gained 5 lbs. in weight. The erythro- 
cyte sedimentation rate dropped to 26mm. _ The physical signs of activity on 
the left side subsided completely. 

The most striking changes, however, occurred in the X-ray appearance of 
the lesion on the left side. Roentgenogram (figure 5), 2 months after the 
operation, showed that the large annular shadow had practically disappeared. 
On March 24, 1932, (figure 6), the area previously occupied by the annular 
shadow had become replaced by a much smaller, uniformly opaque, irregularly 
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Fic. 5. Appearance January 4, 1932, two months after left phrenic exairesis. Left dia- 
phragm slightly higher than the right. Cavity very much contracted. 

Fic. 6. Appearance March 24, 1932, about four and one-half months after left phrenic 
exairesis. Cavity replaced by an opaque shadow similar to the one on the right side. 

Fic. 7. Appearance June 30, 1932, about two years and two months after the right phrenic 
exairesis, and about seven and one-half months after the second operation. Progression of 
lesion on right side with replacement of the opaque shadow by an area of honey-combed 
appearance. 

169 


6 80 32 
« 
- 
Pa, Fic. 7 


170 H. SCHWATT 


rounded shadow, which was interpreted the same as the similar opacity on the 
right side. 

Fluoroscopy showed a persistently immobile diaphragm on the left side 
without any appreciable change in the rise. On the right side, however, there 
appeared to have taken place a slight degree of restoration of the function of 
the hemidiaphragm, with a normal inspiratory and expiratory excursion of 
about 0.5 cm. 

A survey of the condition of the patient on July 13, eight months after the 
operation, revealed that during the month prior to this examination the cough 
and expectoration had increased. The sputum had remained positive. The 
shortness of breath was not worse, but was still severe on exertion. The 
patient was able to walk very slowly, but had to stop frequently to catch her 
breath. There was no dyspnoea on complete rest. The temperature had 
continued to be normal. The pulse rose from 90 when resting to 114 on exer- 
tion. There wasnocyanosis. There had been a loss of 2 lbs. in weight within 
the last 3 months. 

Physical examination showed no change in the left lung, which was appar- 
ently inactive. On the right side, however, the lesion had become active and 
progressive. 

Roentgenogram (figure 7), on June 30, confirmed the physical signs of 
reactivation of the lesion on the right side. The uniformly opaque area now 
presented a honey-combed appearance and there was a more pronounced 
infiltrative process below the second rib. The left side had undergone no 
appreciable change. 

Supplementary Note: Roentgenogram on March 17, 1933, shows a marked 
progression of the lesion on the right side with the reformation of a large, 
somewhat irregularly outlined, annular shadow with a fluid level, in the 
midlung field. The left lung has undergone no change. Fluoroscopy shows 
a normal moderately restricted motion of the right diaphragm and a 
markedly restricted motion on the left. The clinical symptoms correspond 
to the X-ray findings of a progressive destructive lesion on the right side. 


COMMENT 


It is now recognized by most observers, that, contrary to the teaching 
of the older physiologists and clinicians, bilateral paralysis of the dia- 
phragm is not only compatible with survival, but that it produces very 
little, or no respiratory embarrassment and interference with a normal 


and active life. 

This conclusion is based largely upon the experience in cases in which 
the lungs were intact. In chronic bilateral pulmonary tuberculosis, 
however, two conditions are present, in varying degrees, which constitute 
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potential sources of severe, and even fatal, respiratory decompensation 
when the function of the diaphragm is completely eliminated. These are, 
first, the decreased respiratory surface of the lungs, by tissue destruction 
and fibrosis, which may be reduced to the point of complete respiratory 
failure by an excessive rise of the diaphragm; and, second, the impairment 
of the thoracic accessory muscles of respiration by atrophy, which may 
seriously interfere with their ability to compensate for the paralysis of 
the diaphragm. 

Brauer (28) warned strongly against the procedure, and refers to a 
case communicated to him in which both halves of the diaphragm rose 
so high that the patient was painfully asphyxiated. Several other in- 
stances of grave respiratory accidents are mentioned in the literature (1). 

The danger of an excessive rise of the diaphragm may be avoided to a 
great extent by restricting the treatment to cases in which it has been 
impossible to induce artificial pneumothorax on either side by repeated 
punctures in various regions of the chest, and by consecutive, rather than 
simultaneous, operations. 

If a pneumothorax cannot be established, it is safe to assume that there 
is more or less complete obliteration of the pleura, and adhesion of the 
bases of the lungs to the diaphragm, which will prevent an excessive rise. 
However, in spite of extensive adhesions and failure to induce pneumo- 
thorax, the diaphragm may rise very high. 

Although Curti (18) has reported simultaneous phrenicectomies in 5 of 
his 6 cases, with complete absence of respiratory or other disturbances, 
such a procedure is an unnecessary risk. Diinner (29) advises an interval 
of several weeks between the two operations. No definite rule can be 
made, but the interva! should not be less than one month, and longer if 
the indications are not urgent, This permits observation of the degree 
of rise of the diaphragm, and of the compensatory power of the accessory 
muscles of respiration, If the rise is excessive, the operation on the 
other side should not be undertaken even in the absence of dyspnoea. 
A moderate rise, however, is no contraindication, because, from the ex- 
perience with bilateral pneumothorax, and in cases of artificial pneumo- 
thorax on one side and phrenic exairesis on the other side, it is evident 
that the respiratory surface can be considerably diminished without 
interference with comfortable breathing, even with exercise. 

The interval, especially if reasonably prolonged, also permits, to some 
extent, evaluation of the effect of the diaphragmatic rise on the homo- 
lateral lesion as well as on the contralateral lung. Obviously, the first 
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operation should be performed on the side of the more active and ex- 
tensive lesion. Occasionally, the effect of the unilateral phrenic inter- 
ruption on the opposite lung may be so favorable that the second opera- 
tion can be postponed indefinitely. On the other hand it may give rise 
to increased activity or to reactivation and spread of the lesion, neces- 
sitating shortening of the interval, or giving up the contemplated second 
operation. 

The question, whether permanent bilateral paralysis of the diaphragm 
is justifiable, is one which still awaits solution. Goetze (4) is of the 
opinion that it is dangerous, and recommends temporary phrenic inter- 
ruption by crushing or novocaine injection of the nerves, together with 
resection of the accessory subclavian root, the effect of which is a total 
paralysis lasting a sufficiently long time to produce the desired result. 
Alexander (30) states that “total paralysis of both sides of the diaphragm 
has not yet been shown to be effective or constantly safe.” It is our 
opinion that, following a phrenic exairesis on the more-diseased side, 
the procedures of choice on the other side should be crushing, or the 
closed method of novocaine injection, of the nerve. The more radical 
operations can be undertaken subsequently, if indicated. 

The indications for bilateral phrenic interruption in pulmonary tuber- 
culosis are difficult to define, in view of the exceedingly limited experi- 
ence of all observers. 

Essentially, the indications are the same as for bilateral artificial 
pneumothorax, when the pleura on each side has been proved to be 
obliterated. The procedure may also be considered in cases in which a 
bilateral pneumothorax is ineffective in collapsing cavities; when a 
phrenic interruption has been done on one side and a pneumothorax on 
the other side, and if the latter is ineffective or can no longer be main- 
tained, or if the lower lobe is adherent; and, finally, in cases of unilateral 
phrenic interruption with secondary bilateralization of the lesion with 
an obliterated pleura. It is especially indicated in fibrocaseous and 
fibrocavernous processes of the basal and middle portions of the lungs. 
As in unilateral cases, those with a tendency to fibrosis offer the most 
favorable conditions. 

The extent and character of the lesion is an important factor. Cases 
with severe involvement of the lungs from the apex to the diaphragm are 
obviously unsuited for the treatment. The same applies to acute 
pneumonic and rapidly progressive, predominatingly exudative types of 
disease. 
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The ultimate results of the procedure cannot, with our present in- 
formation, be evaluated. Most of the reported cases have not been 
followed up sufficiently long. Curti (18), found that, at the expiration 
of two years, two of his patients were much improved, and one was im- 
proved in the general but not in the pulmonary condition. The only 
patient in whom an exairesis of the nerve was performed died ten days 
later from cardiac failure, and one patient died three months later from 
intestinal tuberculosis, the pulmonary condition having improved. 
Thomsen (19) stated that three years after the double exairesis his 
patient was carrying on his studies without any physical difficulties, but 
that the prognosis of the cavities was still doubtful. Diinner and 
Heilborn (20) found objective and subjective improvement, but reserved 
their conclusion because of the short period of observation. Curti’s 
(21) patient improved and was able to work after a bilateral phrenic 
exairesis. Honan (22) stated that his patient was discharged clinically 
improved. 

In our case there was a very definite clinical improvement, following 
both operations, except for a pronounced increase in shortness of breath 
after the second phrenic exairesis. The effect on the anatomical proc- 
esses was striking. The changes which the cavities underwent is rarely 
so rapid with spontaneous cure, although it may occur. However, seven 
months after the second operation, the condition of the patient had 
again become unfavorable. What relation the partial return of the 
function of the right diaphragm bears to the reactivation of the lesion 
on that side, and whether a more radical phrenicectomy and permanent 
paralysis of the hemidiaphragm would have obviated it, may be only 
conjectured. 


SUMMARY 


1. Bilateral phrenic interruption, and especially the radical operations 
which produce total, permanent paralysis of both hemidiaphragms, must 
be considered as a serious procedure in biliteral chronic pulmonary 
tuberculosis, and should be approached with considerable reservition. 

2. It is applicable in a very limited group of prognostically unfavorable 
cases. 

3. The postoperative dangers may be obviated, to a great extent, by 
limiting the procedure to cases in which both pleural cavities are ob- 
literated by adhesions, and by performing the operations in two stages 
with an interval of at least one month. 
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4. The method of choice for the second operation is one which does 
not produce a permanent paralysis of the hemidiaphragm but eliminates 
its function for three to six months. A more radical procedure may be 
undertaken later if necessary and advisable. 

5. The procedure may be productive of striking clinical and anatomical 
improvement in hopelessly advanced cases, without serious or appreciable 


disturbances of the respiratory capacity. 
6. Too much should not be expected in most cases, since even in 
unilateral operations the results are uncertain and cannot be foretold. 
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AN EVALUATION OF SCALENIOTOMY ACCOMPANYING 
PHRENIC EVULSION'! 


A. LINCOLN BROWN anp KATHLEEN J. ATKINSON 


Phrenic evulsion has attained deserved acceptance as a valuable 
procedure in the treatment of certain forms of pulmonary tuberculosis. 
More recently the combined procedure of scaleniotomy (section of the 
scalene muscles) and phrenic evulsion have been advocated (1) (2) (3), 
as a means of enhancing the value of the latter procedure. In order to 
determine for ourselves whether there is any advantage in sectioning the 
muscles in addition to evulsing the nerve, 8 patients who ordinarily would 
have been treated by simple phrenic evulsion were subjected to the com- 
bined procedure. A comparative study of the results obtained on these 
patients and the usual results obtained with similar cases on the same 
hospital service with phrenic evulsion alone has been made. 

The comparison of the two groups of cases has been based upon a 
consideration of mechanical and clinical factors. The mechanical factors 
measured are the extent of the compression obtained, change in size of 
cavities, and any alteration in the position or range of motion of any 
portion of the rib-cage following the section of the scalene muscles. 
The clinical factors considered are those of change in the amount of cough 
and sputum, spread of inflammation to the opposite side and the general 
condition of the patient. 

The technique consisted of a simple transverse section of the three 
scalene muscles about 2.5 cm. above their insertion on the ribs. This was 
carried out under local novocaine infiltration through either one of the 
customary incisions used for phrenic evulsion, that is, transverse above 
the clavicle, or longitudinal along the lateral border of the sternocleido- 
mastoid muscle. Both incisions were found to be equally facile. The 
phrenic nerve was evulsed before scaleniotomy was attempted. No 
technical difficulties were encountered, although it was observed that 
injury to parts of the brachial plexus was not a remote possibility. 


1From the Departments of Surgery, and the Department of Medicine, Tuberculosis 
Service of the University of California Medical School at the San Francisco Hospital, and 
the Department of Public Health, San Francisco Hospital, San Francisco, California. 
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Nevertheless it was agreed that from a technical viewpoint scaleniotomy 
is simple and feasible, and does not involve sufficient added risks to 
counteract its use, provided always, however, that it furnishes definite 
demonstrable advantages. 

From an analysis of the 8 cases (nos. 1 to 8) of phrenicectomy accom- 
panied by section of the scalene muscles, studied over a period of one to 
eight months, it was seen that, following the operation in six of the cases 
(nos. 1 to 6), cough and sputum decreased considerably. One patient 
with primary basal tuberculosis (no. 8) had neither cough nor sputum 
at the time of operation and therefore these were unchanged; and another 
patient (no. 7) noticed no change in cough or sputum until a thoraco- 
plasty was performed one month later. 

In one case (no. 1) several small cavities coalesced to form a larger 
cavity, in two cases (nos. 3 and 5) the cavity became smaller, and in 4 
cases (nos. 2, 4, 6, and 7) the size of the cavity was unchanged. 

In no case was there any sign of activity on the opposite side following 
the combined procedure. 

In no case, by physical examination or by X-ray, could any change be 
noted in the position of the ribs, or in their motion other than is custom- 
arily observed following phrenic evulsion alone (nos. 9 to 15) or any 
additional advantage which might be attributed to the procedure of 
scaleniotomy. 

We are aware of the anatomicophysiological studies of Hoover (4) and 
others, which suggest that scaleniotomy might be of value as a surgical 
procedure in the treatment of pulmonary tuberculosis but our clinical 
results do not bear them out. 

It would seem that phrenicectomy performed in suitable cases of 
pulmonary tuberculosis is of considerable benefit to the patient, particu- 
larly by diminishing cough and sputum. In a few cases definite decrease 
in the size of the cavity is observed, though in most it is unchanged. 
But these results are obtained equally in our two series of cases, the one, 
phrenic evulsion alone, and the other phrenic evulsion combined with 
scaleniotomy. From neither a clinical nor roentgenological standpoint 
could we observe that section of the scalene muscles brought about any 
additional results which might be construed to be of advantage to the 
patient. 

CONCLUSION 


Although scaleniotomy is relatively simple and feasible, the clinical 
results obtained thereby do not warrant its performance. 
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CASE REPORTS? 
Phrenicectomy with Scaleniotomy 


1: A. W., aet. 32; entered with history of cough and fever for one year. Ex- 
amination revealed extensive cavitation on left side and some infiltration on 
right. Conservative treatment followed for almost one year, at end of which 
time lesion on right was considered to be stationary. Artificial pneumothorax 
on left then attempted, but unsuccessful owing to presence of dense adhesions. 
Two months later phrenicectomy with section of scalene muscles was per- 
formed. Following this, the diaphragm rose 7 cm. No depression of Ist rib 
discernible by X-ray or physical examination, and three cavities at left apex 
had coalesced to form one large cavity. Sputum, which at time of phrenicec- 
tomy was 6 ounces in twenty-four hours, has decreased to two and one-half 
ounces in twenty-four hours and cough has become considerably less. Con- 
tinued to run low-grade fever, but has maintained over many months gain 
of 44 pounds. General clinical condition shows improvement, although still 
has activity in left lung. Right lung has healed completely. 


2: T. W., aet. 18; entered with history of two years’ cough and weakness. 
Treatment at home during this time. Examination revealed marked involve- 
ment of left side with cavitation and retraction of whole side. Right side 
showed some coarse mottling by roentgenogram. Conservative treatment 


followed for one year. At end of this time lesion on right considered to be sta- 
tionary, and phrenicectomy with section of the scalene muscles was performed 
on left. Following operation, diaphragm rose 2 cm.; no change could be noticed 
in position of first rib or in size of cavity. Cough and sputum disappeared 
entirely and patient improved clinically sufficiently to be sent home two months 
following phrenicectomy. Six months later, however, developed fluid at right 
base and was readmitted. Following admission, has done well. 


3: L. G., aet. 42; entered with history of bronchial symptoms of six months’ 
duration. Examination revealed involvement of right side, with cavity and 
less marked degree of involvement of left side. Treated conservatively for 
eighteen months, during which improved markedly and X-ray examination 
showed increasing fibrosis of right side with deviation of trachea and medias- 
tinum. Left side remained stationary. Phrenicectomy with section of the 
scalene muscles was performed at end of eighteen months. Following phren- 
icectomy, diaphragm rose 7.5 cm.; no change could be noted in first rib, but 
cavity became much smaller. Cough decreased considerably, although sputum 
remained unchanged in amount and patient felt much better. Has done well 
except for persistence of small haemorrhages which necessitate remaining in 
hospital for further period. 


* We are indebted to Doctor E. Rosencrantz for permission to publish these cases. 
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4: J. D., aet. 45; entered in 1928 with history of loss of weight, weakness and 
cough. Examination, clinical and roentgenological, showed bilateral pulmo- 
nary tuberculosis, advanced, on left with cavitation, and on right calcification 
at apex with some fine mottling throughout lung. Conservative treatment 
followed for three years at end of which time all signs of activity were confined 
to left side, which showed marked fibrosis with deviation of trachea and 
mediastinum to that side. Phrenicectomy with cutting of the scalenes was 
done at this time on left side. Following this, diaphragm rose 5 cm., but no 
change was noted in first rib or in size of cavity. Cough and sputum disap- 
peared completely; right side remained unchanged, and patient able to leave 
hospital five months later. 


5: F. F., aet. 42; entered hospital with history of chronic cough of three years’ 
duration. Examination revealed involvement of left lung with cavitation. 
X-ray films confirmed this and also showed fibrosis on right side. Patient 
did not do well clinicaliy, and inflammatory process on left side showed signs of 
spreading. Artificial pneumothorax attempted six weeks following entry 
but was unsuccessful owing to adhesions preventing collapse of upper part of 
lung. Six weeks later phrenicectomy with section of scalene muscles was 
performed. Following this procedure, diaphragm rose 5 cm.; there was no 
sign of depression of first rib, but there was diminution in size of cavity. Clini- 
cally, patient improved, with diminution of cough and sputum. Has left 
the state, but reports from time to time that he is feeling well and is up for 
greater part of day. 


6: A. H., aet. 29; entered hospital originally in 1927, with history of two and 
one-half years’ duration of cough, with sputum, weakness and loss of weight. 
Examination revealed advanced left-sided lesion with cavity. With hospital 
care did well, and nine months later was discharged. On leaving, however, did 
badly, and between 1927 and 1931 had been in hospital five times, doing well 
with conservative treatment each time but breaking down as svon as released. 
In September, 1931, admitted for sixth time. Examination showed that there 
had been marked degree of displacement of trachea and mediastinum to left 
and that right side was still clear except for some small areas of fibrosis. Arti- 
ficial pneumothorax attempted, although with small hope of success in view of 
long duration of disease. Adhesions prevented collapse of upper part of lung, 
and pressure of air displaced the diaphragm downward. Artificial pneumo- 
thorax abandoned, and phrenicectomy accompanied by section of scalene 
muscles was done. Following this procedure diaphragm rose 4 cm.; no change 
noted in position of the first rib or in the size of cavity. Cough decreased by 
50 per cent; sputum decreased from 5 to 2 ounces in 24 hours. No spread of 
disease to right side. 
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7: A.R., aet. 22; admitted in January, 1930, with history of cough of one year’s 
duration. Examination revealed marked involvement of left lung with cavity. 
No signs of activity on right side. Artificial pneumothorax begun 3 weeks 
following admission, but stopped seven months later owing to formation of 
fluid and dense adhesions preventing introduction of any further air. Con- 
servative medical treatment followed for five months. At that time, cavities 
at apex were unchanged, air was still present in pleural cavity, and there was 
fibrosis of entire left side. Phrenicectomy with cutting of scalene muscles was 
then performed as a preliminary to thoracoplasty. Following phrenicectomy, 
diaphragm rose 2.5 cm., and was unaccompanied by any change in position of 
first rib or in size of cavities. Cough and sputum remained unchanged and 
two months later thoracoplasty was done, with complete disappearance of 
cough and sputum and rapid general improvement. 


8: E. W., aet. 21; entered in August, 1931, with history of loss of weight, cough, 
fever, haemoptysis. Examination showed involvement to be confined to 
right middle and lower lobes without cavitation. Did well, and after four 
months cough and sputum ceased, but still low-grade fever. It was felt that, 
as lesion was basal, a phrenicectomy should be done in spite of general improve- 
ment of patient. Phreniceclomy accompanied by cutting of scalene muscles 
was performed four months after entry. Following this, right diaphragm was 
elevated 4 cm., but no change was noted in position of first rib. Clinically 
in excellent condition following operation, and discharged three months later 
as apparently arrested case. 


Phrenicectomy without Scaleniotomy 


9: L. C., aet. 20; entered hospital, January, 1931, with acute exacerbation of 
latent tuberculosis following general anaesthetic. Examination revealed 
diffuse tuberculous inflammatory process throughout right lung, with cavity 
in first interspace. Conservative medical treatment followed for six months, 
and at end of this time progress considered to be unsatisfactory, and, process 
being still confined to right lung, artificial pneumothorax attempted. This 
unsuccessful owing to presence of adhesions which prevented collapse of lung. 
Cough and sputum were increasing and there was persistent low-grade fever. 
Artificial pneumothorax abandoned, and in August, eight months after entry to 
hospital, phrenicectomy performed. Following phrenicectomy, diaphragm rose 
2.5 cm., cavity became smaller, cough and sputum disappeared completely, 
and patient improved markedly, being ready for discharge from hospital by 
January, 1932. 


10: L. R., aet. 15; entered in May, 1931, with history of cough of two years’ 
duration, and blood-streaked sputum on several occasions. On entry, had no 
cough or sputum, but felt weak and ill, was much underweight, and ran low- 
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grade fever. Examination revealed extensive tuberculosis of left lung, which 
was retracted, with cavities at apex. During first two months in hospital, 
progress was unsatisfactory, so an artificial pneumothorax was attempted. 
Adhesions prevented collapse at apex and marked depression of diaphragm 
resulted. Artificial pneumothorax stopped and, after interval of one month, 
phrenicectomy performed. Following phrenicectomy, diaphragm rose 4 cm., 
there was no change in size of the cavity, and no spread to opposite side. 
Cough and sputum had ceased before phrenicectomy, but after operation 
patient improved steadily, put on weight, and was “feeling 100 per cent 
better.” She was able to be sent home seven months after entry. 


11: W.S., aet. 35; admitted in June, 1930, with six months’ history of cough. 
Examination revealed extensive right-sided pulmonary involvement with 
cavitation, some signs of activity on left, and laryngealinvolvement. Con- 
servative medical treatment followed for sixteen months, without much clinical 
improvement. At this time, no signs of activity on left, and right side had 
shown tendency to contract, with some elevation of diaphragm. Phrenicec- 
tomy therefore performed in October, 1931. Following phrenicectomy, 
diaphragm rose 2.5 cm., cavity diminished in size, cough and sputum decreased 
by one-half. General condition, however, has not shown much improvement, 
there still being low-grade fever and patient only just holding his weight. 


12: H. S., aet. 49; patient’s history dates back to seven years ago when had 
haemoptysis. Hospitalized for three months in 1930 and readmitted in May, 
1931, at which time complaints were cough, fever, and weakness. Examination 
revealed extensive involvement of left lung, with cavity at apex and some 
involvement of right. Right side, however, showed no signs of activity. 
Medical treatment for five months produced very little improvement in 
patient’s condition. Weight remained stationary, there was low-grade fever, 
and had blood-streaked sputum from time to time and considerable cough. 
Crushing of phrenic performed at this time. Following this, the diaphragm 
rose 6 cm., but without alteration in size of cavity. There was lessening of 
cough, sputum diminished from 4 to 2 ounces, and there was no spread of 
activity to opposite side. Weight, stationary before phrenicectomy, has in- 
creased steadily since operation, and patient has been afebrile. 


13: C. B., aet. 34; entered hospital, with history of chronic cough for six years 
and “influenza” six weeks before entry. Examination revealed. extensive 
tuberculous involvement of right lung with large cavity. Medical treatment 
for three months, by which time fever was lower, weight had increased by 6 
pounds, but cough and sputum persisted, and X-ray examination showed 
increase in amount of involvement of right lung, although cavity had dimin- 
ished markedly in size. Left lung remained clear. Artificial pneumothorax 
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attempted, but collapse of upper part of lung prevented by adhesions. Three 
months later phrenicectomy performed. Following this operation diaphragm 
rose 3 cm., and trachea and mediastinum were more deviated to right. Cough 
and sputum decreased considerably ; patient afebrile and maintained his weight. 
Thoracoplasty advised but refused. Sputum had become negative for tubercle 
bacilli and, after he had been in hospital for total period of one year, patient 
was allowed to return home. Did well for a time, but owing to economic con- 
ditions was unable to take proper care of himself and returned to hospital 
eleven months later with exacerbation of right-sided activity. 


14: F. B., aet. 42; entered with history of two months of cough and sputum, 
and haemoptysis of five days. Extensive involvement of right lung with 
cavitation and small apparently inactive involvement of left lung. Artificial 
pneumothorax attempted two months later, but unsuccessful, owing to adhe- 
sions preventing collapse of apex of lung and to formation of fluid. This 
treatment abandoned, and phrenicectomy done six weeks later. Following 
phrenicectomy impossible to measure accurately ascent of diaphragm owing 
to persistence of fluid in pleural cavity. No activation of lesion on left. 
Cough and sputum decreased considerably, fever disappeared, and patient 
gained and has maintained increase of 7 pounds. 


15: B. S., aet. 28; entered with history of cough, sputum and fever of three 
weeks’ duration. Had been in hospital previously for six months with diag- 
nosis of incipient pulmonary tuberculosis. Examination on entry revealed 
bilateral involvement with evidences of greater activity on left than on right 
side. Soon after entry, signs of activity on right side ceased. Five months 
after entry low-grade fever persisted, the patient coughed considerably and 
raised increasing amounts of sputum, and so an artificial pneumothorax on 
left side was attempted. This, however, unsuccessful, owing to presence of 
adhesions, and phrenicectomy was performed. Following phrenicectomy, 
diaphragm rose 5 cm. and there were no signs of renewed activity on right side. 
Cough and sputum unchanged. Still has low-grade fever, but maintains 
previously high weight and is clinicaliy a little improved. 
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A SIMPLIFIED ARTIFICIAL PNEUMOTHORAX APPARATUS 
WILLIAM M. STOCKWELL! 


I am reporting this simplified pneumothorax apparatus for the fol- 
lowing reasons: (1) its simplicity of operation, with only one valve to 
operate; (2) the manometer reading is available at all times, as it cannot 
be cut off; (3) the tambour has all the good and none of the poor points 
of the water manometer; (4) the air is washed; (5) aside from the tambour, 
all parts represent ordinary laboratory equipment; and (6) as to porta- 
bility, the entire apparatus, as shown in photograph, weighs less than 
33 pounds. Since I introduced it here, at Cedarcrest, all of my assistants, 
by preference, are using this apparatus instead of a more complicated one, 
because, in addition to the above reasons, they think there is a delicacy 
of feeling about this apparatus not experienced in others. 


Operation 


The nurse turns stop-cock lever to position 1 and withdraws syringe- 
piston to 100 cc. In this operation the air is sucked through the wash 
bottle (B) to the syringe (A). The lever is now turned to position 2. In 
this position, wash-bottle (B), manometer, and tubing to needle are con- 
nected. When the needle attached to tube (D) enters the intrapleural 
space, the manometer pointer registers on dial (C), and with approximately 
a negative 3 water-manometer reading, air is aspirated with each inspira- 
tion through wash-bottle (B), as evidenced by the bubbles. The stop- 
cock lever is now turned to position 3. In this position syringe, manom- 
eter and needle are connected, the weight of the syringe piston (12 water 
manometer) falls, displacing the air. The flow of the air is governed by 
the position of the lever. As soon as the air is exhausted from the 
syringe, the process is repeated. During the entire process the manome- 
ter reading shows on the scale (C). 


Description 


To a board one foot long is attached a perpendicular board about 14 
inches. To this board is attached a syringe (A) 100 cc. and wash-bottle 


1 Cedarcrest, Hartford, Connecticut. 
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(B), containing 5 per cent carbolic acid. The tambour is placed at the 
rear of the upright board with the scale showing. A three-way =‘ ~»-cock 
connects the syringe (A) to wash-bottle (B), and tube ( 
manometer, and tube (D) to needle. The tambour is a fr 


Fic, 2 


ing tambour, Jaquet Simple Form, with capsule of 30-mm. diameter. 
The scale shown is graduated for both mercury and water, but the water 


readings only are now used. This scale is obtained by hooking up the 
tambour with a water manometer and marking the position of the pointer 
on scale (C) in accordance with the reading of the water manometer. 
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3S ARTIFICIAL-PNEUMOTHORAX SYRINGE 
EDWIN H. LEE! 


The syringe herewith illustrated (figures 1 and 2) was devised by me in 
an effort to simplify the induction of artificial pneumothorax, and to 
combine in a simple form the manoeuvres of infiltration of tissues and 
induction of air into the pleural space. 


Description of Apparatus 


The apparatus consists of an ordinary, all-glass, eccentric-tip syringe (figure 
1B), graduated up to 5 cc., above which graduation there is an inlet to the 
barrel on the order of the Luer-Kaufmann syringe, (figure 1A). To this inlet 
is attached a rubber tube leading to the manometer or filling bottles of a stand- 
ard pneumothorax apparatus. 

The plunger is grooved from a point slightly higher than the point of en- 
trance of the air-inlet on the barrel. This groove extends down the side of the 
piston and across the base of the plunger (figure 1C). This grooved plunger, 
when turned to “coincide” with the inlet into the barrel (figure 2), presents a 
channel through which air can flow from the pneumothorax bottle, or to which 
the manometer can be connected. When the plunger is turned so that the 
groove does not ‘‘coincide”’ with the inlet into the barrel, it acts as an ordinary 
syringe, and is used for infiltration of the tissues. 


METHOD OF USE 


After the skin is properly infiltrated by the use of a fine needle, a larger 
needle is attached, and 2 to 3 cc. of the anaesthetic is drawn into the 
syringe (not coinciding), so that there is a small quantity of air above the 
level of the anaesthetic. The deeper tissues are infiltrated, and, as the 
needle enters the pleural cavity, the negative pressure encountered 
causes the remainder of the anaesthetic to be sucked into the pleural 
cavity. The inlet and groove are then “coincided” and induction pro- 
ceeds as usual. 

The use of this syringe seems to offer the advantage of the use of a 
smaller needle, with consequently less trauma to the overlying tissues, 


1Veterans Administration Hospital, Tuskegee, Alabama. 
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as well as to the parietal pleura. It eliminates the use of a second or 
third needle, and is therefore time saving. 
The size of the needle used is governed by the choice of the operator. 
Pressure on the piston, as long as any liquid remains in the syringe, 
will free the needle from any plugging. 


This syringe has been used successfully on patients on the Tuber- 
culosis Service of this hospital (Tuskegee) for over a year, in 197 cases, 
23 initial inductions and 174 refills. 

The Luer-Lok mechanism (figure 1B) ensures against separation of 
needle and syringe, and renders the needle more easily manipulable. 

It will be noted that, even with a fairly large needle, infiltration of the 
tissues with the anaesthetic, and induction of air into the pleural space, 
can be, by a little practice, accomplished by a single manoeuvre. 
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AIR EMBOLUS 


Case Reports' 
M. POLLAK 


The clinical manifestations of air embolus are varied. The clinical 
picture depends upon the particular location in which the embolus has 
been lodged in the circulatory system. 

In the three cases reported below, the clinical course was distinctly 
different in each instance. 


Case Reports 


1: A. Sch., 16 years, male, student; admitted to Sanatorium of the Jewish Con- 
sumptives Relief Association, Duarte, California, March 10, 1928. 

Artificial pneumothorax on left instituted July 2, 1928. Successful; and 
treatment carried on under very satisfactory intrapleural pressure. Mano- 
metric oscillations always wide and on negative side, and amounts of air intro- 


duced varied from 150 to 400 cc., finishing the refills with a negative pressure. 
During September, however, free pleural space became gradually smaller, 
initial manometric oscillations as low as — 1, —0 and, after introduction of 50 cc. 
of air, final reading showed pressure of 0, +1. While away on my vacation the 
staff therefore decided to discontinue refills. On October 10, 1928, I attempted 
to ascertain status of left pleural cavity and introduced the needle with petcock 
of manometer kept open. A reading of 0, +0.5 obtained. No air given, and 
needle withdrawn without manipulation. After withdrawal of needle, which 
showed no blood on it, patient made attempt to sit up in bed, but fell back 
unconscious. Breathing became stertorous and irregular, and bloody froth 
appeared at mouth. Had involuntary bowel movement and urination. Pulse 
feeble, irregular and at times intermittent. Left upper and lower extremities 
showed tonic and clonic convulsions. Babinsky reflex positive on left and 
positive ankle clonus on both sides. 

Energetic measures were taken for resuscitation, including caffein-sodium- 
benzoate, adrenalin-hydrochloride and atropin-sulphate hypodermically, in- 
spiration of oxygen and external friction of heart region manually and by cold 
water. 


1From the Peoria Municipal Tuberculosis Sanatorium. Read before the Mississippi 
Valley Sanatorium Assoc., September 12, 1932. 
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After about half-hour patient began breathing regularly, pulse became regu- 
lar though rapid (148), patient became orientated and his speech was restored. 
Slight facial weakness manifested for short time afterward. Uneventful 
recovery from the cerebral air embolism after a day. 

Condition in lungs, however, progressed gradually and patient died two 
and one-half months later, January 16, 1929. 


2: D. W., white, male, age 34; admitted June 30, 1931. Physical and X-ray 
examinations revealed pleural effusion on right.. Aspiration of right pleural 
cavity revealed heavy greenish pus. Right pleural cavity aspirated eleven 
times, and irrigated by syringe under low pressure with physiological salt 
solution; pus withdrawn replaced by air. 

Radiogram, July 20, 1931 (figure 1) showed pyopneumothorax with fairly 
large area of air. Fluoroscopic examinations carried out twice weekly showed 
this condition fairly constant with amount of fluid varying somewhat. 

While irrigating pleural cavity, August 25, 1931, patient suddenly com- 
plained of feeling faint. Aspirating needle immediately withdrawn (no blood 
on it). Rushing of air into puncture-wound was heard, and subcutaneous 
crepitation, area of man’s hand, noticed around its opening. While withdraw- 
ing needle, patient was laid flat on back on operating table, and head lowered. 
Unconscious for about five minutes. During this time, marked cyanosis of 
extremities, particularly of toes. No tremor of extremities. Pupils dilated 
but equal. After administration of 1 cc. of adrenalin-hydrochloride and 
caffein-sodium-benzoate hypodermically, and friction of skin with cold water, 
patient revived. Left lying flat on operating table for about hour, when re- 
turned (without permitting him to raise) on stretcher-cart to bed. Shortly 
afterward complained of being unable to see. Pupils were normal and reacted 
slightly to light. Dr. E. Z. Levitin, attending neurologist, called into con- 
sultation, who, about two and one-half hours after air embolism occurred, 
made following findings: 


Fundus Examination: Left: Slight pallor, no venous congestion, no oedema evident. Right: 
Pallor in macular vicinity, moderate venous congestion, no oedema. External ocular muscles 
demonstrate no pathological change. Tongue: Articulation and communication defects. 
Other cranial nerves demonstrate no distinct pathological changes. 

Memory defect for recent and distant events. Attention not perfect, retention fair. 
Confusion for time, place and persons present to moderate degree. No distinct anxiety 
present. No pathological reflexes present. This is a syndrome—involving the bulbar area, 
—of an embolic nature. 


Twenty-five per cent magnesium-sulphate solution given by proctoclysis. 
Around 8:30 p.m. patient vomited large amount of undigested food. Emesis 
repeated twice during night. During night very restless and he tried to get 
out of bed. Following morning, he seemed slightly brighter. Fundi and 
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vision markedly improved. Tongue coédrdination normal, and confusion was 
very slight. During day he seemed quiet. Around 11:00 a.m. he had in- 
voluntary bowel movement. By evening vision returned to normal. Night 
following restless again. On August 27 was entirely normal. 

Pleural cavity irrigated again September 20, 1931, without untoward effects 
and 250 cc. of pus withdrawn. Repeated fluoroscopic examinations during 
October showed gradual clearing of right pleural cavity and expansion of right 
lung. Radiogram taken October 20, 1931 (figure 2) showed right pleural 
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cavity free from fluid and lung expanded, leaving only small partial pneumo- 
thorax around the costophrenic angle. 

On October 23, 1931, phrenicotomy was performed to obliterate pleural 
cavity. Lung subsequently expanded, filling out whole decreased pleural 
cavity. 

Patient recovered entirely and was discharged April 23, 1932. Subsequent 
follow-up examinations until to-day show patient enjoying good health, and 
no pathological changes have been observed. 
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3: W. G., age 21, white, male; admitted July 30, 1929. Artificial pneumotho- 
rax on left resorted to, September 16, 1930. 

In early part of July, 1931, pleural effusion developed. Fluid was withdrawn 
and replaced by air repeatedly. On December 1, 1931, fluid became purulent. 
Pus was aspirated repeatedly and replaced by air. In early part of March, 
1932, there was only small amount of pus covering left costophrenic angle. 
Phrenicotomy was therefore decided upon, with view to obliterate pleural 
cavity and lessen pleural surface. 

Operation attempted, March 16, 1932. Incision made in usual manner, 
with usual slight bleeding, stopped by ligating respective vessels. No large 
blood-vessels severed. Phrenic nerve easily located. At this time, around 
9:00 A.M., patient became dyspnoeic and cyanotic. Manometer needle was 
inserted into pleural cavity, and pressure of +6, +8 noted, while during pre- 
vious insufflation manometer registered —8.5, 0. After withdrawal of 800 cc. 
of air manometer registered continually 0, +2. Breathing became slightly 
easier. After withdrawal of further 2,000 cc. of air manometer reading re- 
mained constantly the same. Aspirating needle therefore withdrawn, and no 
change in breathing or increased cardiac embarrassment noted. Oxygen- 
carbon-dioxide administered continuously from 9:30 A.M., and glucose solution 
intravenously. Radiogram taken with bedside unit, and film (figure 3) 
showed lungs and heart in about same condition as film (figure 4) taken after- 
noon before. At about 10:00 a.m., after being delirious for few minutes, 
patient went into coma. Breathing became stertorous. At 12:15 A.M. 
patient removed from operating table to room, where his breathing, the 
dyspnoea and cyanosis seemed slightly improved. However, after attempts to 
discontinue oxygen, cyanosis returned. Oxygen therefore continued. At 
around 1:30 p.m. breathing became gradually more superficial, and patient 
expired at 2:00 P.M. 

Postmortem examination performed about an hour later, at 3 P.M., by Dr. 
Milton G. Bohrod, whose pertinent findings are as follows: 


Region of supraclavicular operation on left: Small amount of haemorrhage. No large vessels 
found open. Thoracic cavity: Diaphragm at level of fifth rib on right and of fourth interspace 
on left. Pericardial sac adherent to under surface of sternum. Left border of heart at left 
border of sternum; right border 1 cm. to left of right midclavicular line. Left pleural cavity 
obliterated around apex of lung and at its posterior surface. Remaining portion of lung free 
and collapsed. Cavity contains about 100 cc. of greenish pus. Air pumped through left 
main bronchus escapes into pleural cavity through pinhead-sized opening in pleura, which 
lies over large cavity in lower portion of upper lobe. In right pleural cavity are numerous 
firm fibrous adhesions. Lungs: In both lungs cut-surface reveals disseminated tuberculosis, 
acinonodose type, with numerous cavitations. Cavities considerably larger in left lung. In 
one of these is pinhead-sized opening communicating with pleural cavity. Heart: Silver 
strand-like air-bubbles fill coronary vessels. All cavities of heart are dilated, but especially 
right auricle. Very few blood clots. Large amount of foamy blood in all chambers, es- 
pecially ventricles. Foramen ovale is completely closed. Coronary orifices patent. Cardiac 
orifices and valves normal. The skull was not opened. 


| | 
i 
? 


AIR EMBOLUS 


COMMENT 


The mechanism of the embolus was evidently different in each of the 
three cases here reported. 

It is obvious that in case 1 the lung was adherent to the chest-wall, and 
the needle injured a small vessel of the lung through which air was sucked 
into the circulatory system, either from the manometer tubing or from 
an air-vesicle or cavity of the lung. The embolus then became lodged in 
the motor area of the cortex; hence the Jacksonian type of epilepsy. 

In case 2, 2s judged from the fluoroscopic findings and the radiograms 
taken prior to and after the accident, an injury to the lung can fairly 
well be excluded. Here an injury of one of the pleural vessels has to be 
assumed, through which air escaped into the circulatory system and the 
embolus became lodged in the bulbar area. 

In case 3 air could have gained entrance into the circulatory system 
through one of three routes: through the wound on the neck, through the 
infusion of glucose solution, and finally through the rupture of the lung. 
Only small vessels having been severed during the operation and no 
suction of air having been observed at that time, this port of entry might 
be fairly well excluded. The infusion having been given under the 
necessary precautions, it is not very likely that the air gained entrance 
with the glucose solution. It is assumed, therefore, that the lung rupture 
established a communication either between the free air of the pleural 
cavity or the pulmonary cavity and a vessel, whence it was distributed 
in the venous and arterial circulation as evidenced by the fact that the 
chambers of both sides of the heart contained air bubbles. 

While in the first two cases the clinical symptoms point definitely to a 
cerebral embolus the same cannot be assumed as convincingly in the 
last case. 

There is a dearth of reports on the subject of air embolus in the Ameri- 
can literature. Such facts, however, as that during the discussion of 
artificial-pneumothorax therapy at the 1928 Annual Meeting of the 
National Sanatorium Association, Dr. Voorsanger remarked that, in 
short succession, two of his cases died suddenly of air embolus on the 
operating table while a lung collapse was being attempted, would lead 
one to believe that an air embolus in the course of pulmonary manip- 
ulations is not such a rare occurrence as the few cases reported would 
suggest. 

In the American literature, according to the sources available to me, 
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cases have been reported by Toland (1), J. B. Murphy (2), K. Schlaepfer 
(3), B. P. Stivelman (4), H. A. Bishop (5), G. W. Ryer and H. W. Kohl 
(10 cases) (6), F. Baum (7), C. H. Andrews (8), and E. H. Bruns (9). 

Among the cases reported not one has occurred during the irrigation 
of the pleural cavity, while such cases are reported with relative frequency 
in the European literature. And I have found, in the literature avail- 
able to me, no report of cases due to a spontaneous pneumothorax. 

The older writers speak very much of pleural eclampsia, while the 
later authors believed that fainting, dizziness, and transitory amaurosis 
occurring during artificial-pneumothorax treatment are phenomena due 
to a pleural reflex or shock. More recent investigators, however, 
among them Wever (10), Schlaepfer (11), Rukstinat and LeCount (12), 
conclude from their experimental studies that these symptoms, as a rule, 
are due to an air embolus. 

Much discussion has been centered around the question of how the 
air gains entrance into the circulatory system. Should the lung be ad- 
herent to the chest-wall at the spot where the needle is inserted, the lung 
might be injured. Nevertheless, not in every case of such a pulmonary 
injury will an air embolus occur, not even in instances in which a blood- 
vessel has been injured. Most often such an injury will cause no appre- 
ciable symptoms. At times spontaneous pneumothorax will occur, and 
only very seldom will such an injury lead to an air embolus. Wever 
states that 


In the infiltrated portion of the tuberculous lung the pulmonary veins are kept 
stretched in the rigid tissues and they cannot evade the needle as in the healthy 
tissue. Should the needle injure such vein, its walls cannot collapse as the 
walls of a normal soft vein would do. . . . It is evident that should to such 
an injury a considerably lowered inspiratory pressure within the lung proper 
be added, a “‘suction”’ of air will be extraordinarily promoted. 


Wever also quotes the statement of Boerschman (13) that 


an unusually deep inspiration during the diastole might in a vein lying close to 
the heart cause an increased movement of the blood and should this vein 
broaden just at this spot and should it be injured there, then we might observe 
the well known phenomenon of air embolus. 


Stivelman states “that injury to the inflamed visceral pleura and lung 
tissue underlying the point of puncture is a definite factor in the 
causation.” 


= 
j 
} 
t 
| 


AIR EMBOLUS 193 


That neither the visceral pleura nor the lung tissue has to be injured to 
produce an air embolus is evident from the cases in which air embolus 
occurred at pleural irrigations and the lung has been definitely collapsed 
by the pleural fluid or air, as in case 2, or from the cases produced by the 
changing of pleural drainage-tubes. It has to be admitted that in some 
cases of pleural effusion the lung might expand laterally to the chest-wall 
without this fact being detected either by the X-ray or physical ex- 
aminations, and in such instances the partially collapsed lung might be 
injured. 

The mechanism in these proved instances of collapsed lung can be 
explained by the fact that a vessel in the diseased and thickened parietal 
pleura has been injured, into which air was sucked in from the pleural 
cavity or the fistulous opening. The much-quoted case of Brandes (14), 
in which a cerebral embolus was caused by the injection of bismuth paste 
into an empyema fistula and in which particles of the paste were found 
postmortem in the meningeal arteries and in the vessels of the cortex 
and white matter, would prove the likelihood of such a mechanism. 

The amount of air needed to produce an air emboiism varies. Wever 
states that in his experimental work on various animals, including dogs, 
rabbits and monkeys, he has found that at times he could produce an 
embolus by less than 1 cc. of air while on other occasions the injection of 
2.3 cc. of air did not produce any symptoms. The symptoms of air 
embolus depend upon the fact as to whether the embolus reaches a 
portion of the brain or other vital organs. 

It is not necessary that air should be introduced into the vessels from 
the outside, as is proved by cases reported in the literature. The air 
might be sucked in, either from the tubing of the needle or the needle 
might injure a vein in a large or even a minute cavity, whence the air 
might enter into a blood-vessel as might have occurred in cases 1 and 3. 

Under these conditions statistical studies concerning the frequency of 
air embolism in the course of manipulations on the chest are of no prac- 
tical value. It is evident that, in order that an air embolus shall occur, 
not only is the presence of certain pathological changes in the chest 
necessary, but there has to be a very markedly lowered negative pressure 
in the injured vessels of the lung or pleura, at the time the vessél in 
question is injured by the needle. The frequency of the simultanéous 
occurrence of these two conditions can hardly be determined by statis- 
tical studies. It is a mere matter of chance. 

Postmortem pathological changes are not often found, while on 
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other occasions air-bubbles have been seen in the vessels of the brain and 
in the chambers of the heart. 

Wever states that air-bubbles are seen in the vessels only in cases in 
which the patient suddenly collapsed and died. If the heart was beating 
for a few minutes after the collapse, in general, one could not find these 
bubbles. 

Spielmeyer who examined the specimens of the experimental animals 
of Wever states that 


the very first changes in the brain which appear about fifteen hours after the 
injection of the air consist of a beginning liquefaction of brain cells and the 
encrustation of the fine nets around the ganglion cells. . . . On the third to 
the fifth day the proliferation of the glia cells at the place of the diseased nerve 
cells is very pronounced. One notices here that the changes are predominantly 
in the form of islands. There are no bleedings or necrotic softenings. . . . In 
the third stage, perhaps twelve days after injection, one might see large glia 
cells at the place of the disintegrated cortex cells. 


In regard to prophylaxis, Schlaepfer has found in his experimental 
work that, injecting 2 cc. of air into the pulmonary vein in the hilum 
region of a dog in the prone position, he could produce an air embolus, and 
no air-bubbles were seen passing through the vessels of the retina. 
When this experiment was repeated for the second time and the dog was 
put in a semierect position, air-bubbles appeared in the blood-vessels of 
the retina, and the dog died without any convulsions. Clinical experi- 
ence has also borne out the fact that the best preventive measure is to 
keep the patient lying on the table with his head lowered while adminis- 
tering artificial pneumothorax, so that the head is not the highest point 
of the body. 

In administering artificial pneumothorax we prefer to have the needle 
attached to the manometer tubing before thrusting it into the chest, and 
to keep the petcock of the manometer open. In this way a slight oscil- 
lation of the manometer is noted as soon as the needle reaches the visceral 
pleura. Should no free intrapleural oscillation be noticed after the 
needle has reached the pleural cavity proper, no manipulation with the 
needle is done, except that it is‘cleaned with the stylette. No air is 
administered unless free and definite manometric readings are observed. 

Inasmuch as air embolus occurs with relative frequency at the first 
attempts of artificial pneumothorax, we prefer to make the first few 
attempts not in the operating room, but at the patient’s bedside. In this 
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way the patient might be kept lying flat and undisturbed for quite some 
time from the minute the needle has been inserted. 

In view of a possible complication with air embolus we do not ad- 
minister artificial pneumothorax in minimal cases, in which it can be 
reasonably expected that the patient will recover under the ordinary 
sanatorium care alone. 

The therapeutic procedures, should an embolus have occurred, in- 
clude keeping the patient flat on his back with his head lowered, the 
administration of caffein-sodium-benzoate and adrenalin-hypochloride 
hypodermically, and in severe cases intracardially. 


SUMMARY 


1. Three cases of air embolus have been presented. 

2. The clinical symptoms, the pathological findings and the mechanism 
of the air embolus vary greatly in different cases. 

3. The preventive and therapeutic measures have been mentioned in 
short. 
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THE PREVENTION OF AIR EMBOLI IN ARTIFICIAL 
- PNEUMOTHORAX 


A Simple Protective Technique’ 
B. W. COBBS 


Since the first application of artificial pneumothorax in the treatment 
of pulmonary tuberculosis there has been a very general apprehension of 
the development of the various accidents, which were soon recognized 
as probable, together with the very real experience of witnessing their 
onset. 

Various and many measures have been advocated for the prevention 
of air emboli and pleural shock, the latter being somewhat controversial. 
However, the entire operative measure from the initial compression to 
the many refills are certainly less hazardous than in the past, although 
they are procedures which are no longer limited to the various sanatoria 
centres for the treatment of tuberculosis. Men throughout the country 
are now recognizing the value of this treatment, and are practising and 
encouraging the application of pneumothorax more and more. 

Regardless of how expert or skilled one becomes, the accidents reported 
in the literature, or developing in our own practice, are the cause of a 
certain amount of apprehensive care, particularly during the initial 
compression and during refills in those cases in which, due to adhesions, 
we are liable to penetrate the lung,—an experience which may be harm- 
less for a thousand times, only to be fatal or terrifying in a particular case. 

We wish to report a simple measure which we have for some time been 
practising. This has given us a sense of safety which we have not en- 
joyed before, either in the initial compression or during refills, when we 
were uncertain as to the possibility of a tab of lung being in the path of 
the needle. This does not mean that we do not exercise every possible 
precaution known to us for the patient’s safety. But this is an additional 
measure, which seems almost “‘fool-proof’’ against the possibility of an 
embolus developing from the air during its introduction. Of course it is 
no preventive against air in the pleural space entering the lumen of a 
vessel injured during refill. But even with the needle in the lumen of a 


1From the Montgomery Tuberculosis Sanatorium, Montgomery, Alabama. 
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fair-sized venule, we believe that our method precludes the possibility 
of an embolus from any air aspirated from the needle, or connecting tube. 

This method is as follows: Using the Robinson type of machine we 
have the water-level in the air-bottle some 8 or 10 cm. higher than that 
in the pressure bottle. Then, with the flow adjusted so that the water 
will flow from the air-bottle into the pressure-bottle, the reverse of the 
procedure used in giving a refill, the operating needle is fitted to the 
terminal connection. The stop-cocks to the manometer, and that con- 
trolling the flow of water between the bottles, are opened. This starts 
the flow of water from the air-bottle into the pressure-bottle, with the 
consequent aspiration of air through the needle. With this condition 
established, and with the water-level in the air-bottle down to some 6 or 
8 cm. of that in the pressure-bottle, the needle is pushed through the 
skin. This stops the flow of the water and leaves a standing negative 
pressure of minus four or five registered on the manometer. This repre- 
sents the negative pressure in the needle and connecting tube. The 
stop-cock governing the flow of water between the two bottles is now 
closed, and the needle is carefully pushed deeper into the tissues. The 
parietal pleura is thus penetrated with a standing negative pressure in 
needle of minus four or five. This is adequate to counteract any aspira- 
tory effect of any pulmonary venule, and is negligible in its effect upon 
the first manometric reading. Having decided that the needle is in a 
free space, the pet-cock between the two bottles is again opened and, 
during an initial compression, there is, as a rule, sufficient negative 
pressure to draw the water from the pressure-bottle into the air-bottle, 
even with the water standing some 6 or 8 cm. higher in the air-bottle 
than in the pressure-bottle. Here is the real value of this measure. For 
not infrequently, even in the most skilled hands, an oscillation is obtained 
which is so deceptive as to lead the operator to believe that the needle 
is in the pleural space. Experience shows that, not infrequently, in such 
cases the needle is in the lung. Therefore, using this technique with a 
standing negative pressure to begin with, in needle, connecting tube, and 
air-bottle, there is no chance for an embolus even if the needle is in the 
lung, or, as stated above, in a venule. 

This modification is also of value when we do not get a free full oscil- 
lation, but it is of such a nature as to cause uncertainty about the advisa- 
bility of admitting any air. With a standing negative pressure in our 
needle, connecting tube and air-bottle, we do not feel that there is any 
hazard in opening the supply pet-cock while we carefully adjust or change 
the point of the needle, seeking a full oscillation. 
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ACUTE PULMONARY ATELECTASIS FOLLOWING HAE- 
MOPTYSIS' 


Report of a Case 
JOSEPH ROSENBLATT? 


H.S. F.,a young man of 19, clerk, had an attack of haemoptysis, September 5, 
1929. His mother was tuberculous; otherwise his family and previous per- 
sonal histories had no bearing on the case. 

He had never had any cough, expectoration, pleurisy, loss of weight, or 
other symptoms of tuberculosis. This attack of haemoptysis was the first 
indication of pulmonary disease. He spat up about 5 oz. of blood the first 
time, and similar amounts for several days following. At the same time, he 
had fever, 101° to 102°F., and complained of pain in the left chest. He had 
very little cough and practically no sputum. He was treated by his family 
physician with hypodermic injections of morphine, up to 0.5 grain occasionally, 
for the control of the haemoptysis. I was asked to see him in consultation to 
decide the advisability of inducing pneumothorax. 

Examination showed the patient lying flat on his back. His lips and finger- 
tips were slightly cyanosed. There was no apparent dyspnoea. There was 
marked dulness over the entire left chest anteriorly and in the left axilla, 
bronchial breathing over the same area and a few rales over the upper half of 
the lung. The posterior part of the chest was not examined, as it was not con- 
sidered advisable to disturb the patient. 

A roentgenogram (figure 1), taken by Dr. I. Gerber of Providence, Rhode 
Island, on September 9, 1929, showed marked retraction of the left lung, espe- 
cially the lower lobe, the heart and mediastinum being displaced considerably 
to the left. There was fine mottling over the upper half of the left lung field, 
with a honeycombed appearance in the inner part of the first and second inter- 
spaces. The retracted lower lobe appeared homogeneously clouded, and the 
left diaphragm was somewhat higher than the right. On the right side there 
was a patch of infiltration and some honeycombing in the third interspace. 

The roentgenological appearance suggested a fibrotic condition of the left 
lung, a condition which is frequently seen in chronic tuberculosis of long stand- 
ing. It was thought at the time that it would be difficult, if not impossible, 
to induce pneumothorax, as adhesive pleurisy is the rule in such cases. 


1 From the Rhode Island State Sanatorium, Wallum Lake, Rhode Island. 
2 Liberty, New York. 
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I did not see this patient again until November 6, 1929, when he was ad- 
mitted to the Rhode Island State Sanatorium. At that time, he had very few 
symptoms. He had practically no cough or expectoration, but he felt weak 
and had a subfebrile temperature occasionally. 

Examination showed slight dulness and medium-sized moist rales over the 
upper half of the left lung, with a suggestion of signs of cavitation in the first and 
second interspaces on the left. No abnormal signs were found at the left base, 
but a few rales were heard at the right base. 

A roentgenogram (figure 2), taken at the Sanatorium on November 9, 1929, 
showed no retraction of the left lung, the lung volume being about normal. 
The heart was in its normal position. There was mottling to the third inter- 
space, with a honeycombed appearance in the first and second interspaces 
on the left side. From the fourth rib to the base the left lung was apparently 
normal. The appearance of the right lung field was about the same as on 
the previous film. 

The patient did we!l during his two months’ stay at the Sanatorium, but a 
roentgenographic examination on January 8, 1930, two months after his 
admission to the Sanatorium, showed fine mottling scattered throughout both 
lungs, suggestive of miliary tuberculosis. After this the disease took an acute 
course, and the patient died on June 23, 1930, from general miliary tuberculosis. 


COMMENT 


A comparison of the two roentgenograms, taken two months apart, 
shows conclusively that we were dealing with an acute atelectasis of the 
left lung or, at least, of the left lower lobe. I know of no other condition 
in which a lung, shrunken to the extent shown in figure 1, should return 
to practically its normal volume, as demonstrated in figure 2. Consider- 
ing the possible aetiological factors, a plug of tenacious sputum may cause 
atelectasis in a tuberculous subject, but this patient had practically no 
sputum during that period. A bronchial stenosis, due to a productive 
lesion around a bronchus, could also produce such a condition, but in 
such a case the atelectasis is likely to be permanent. It is therefore 
reasonable to assume that in this patient the atelectasis was caused by a 
blood-clot, retained in a bronchus and plugging it up for a sufficient 
length of time to allow the residual air to absorb and the lung to collapse. 
Subsequently the clot was either absorbed or expelled, and the lung re- 
turned to its normal volume. The condition was probably facilitated 
by the administration of large doses of morphine, abolishing the cough 
reflex and thus causing retention of blood-clots. It will be recalled that 
this patient received injections of morphine in 0.5 grain doses. 
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A cursory review of the literature has revealed only two similar cases, 
one reported by Wilson (1) and one by Hennell (2). It is possible, how- 
ever, that many such cases escape the notice of the physician. 

An interesting feature of this case is that it did not present the cardinal 
symptoms usually found in acute atelectasis. This patient did not suffer 
from the marked dyspnoea and distress usually associated with this 
condition. The clinical picture was not unlike that which is commonly 
seen in a case of haemoptysis during the course of active pulmonary 
tuberculosis. 
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VITAMINE THERAPY IN PULMONARY TUBERCULOSIS! 


Ill. THE EFFECT OF VIOSTEROL ON THE ABSORPTION, 
RETENTION AND EXCRETION OF CALCIUM 


PAUL D. CRIMM, J. W. STRAYER, H. L. WATSON anp G. HEIMANN 


It is generally conceded that calcium-balance experiments performed 
on animals are less reliable than those performed on human individuals. 
Also, the daily chemical analysis of the output presents a clearer picture 
of the physiological process in question than periodic analyses. Few 
calcium-balance experiments are analyzed daily without an occasional 
loss of intake or output. During the following experiments not a single 
specimen was lost. One normal individual as a control and one indi- 
vidual with quiescent pulmonary tuberculosis, afebrile, stage III, were 
employed. 

After a period of dietary stabilization in each case, the first part of the 
experiment compares the daily intake with the absorption, retention and 
excretion of calcium before and after the administration of viosterol. 

The second part consists of administering physiological saline solution 
intravenously to counteract the effect of hypercalcaemia produced by 
vitamine D. After the specific action of intravenous saline solution on a 
state of hypervitaminosis was affected, the normal individual, case 1, 
was permitted to return to his original calcium intake to demonstrate 
that a normal equilibrium can be restored. The case of pulmonary 
tuberculosis, case 2, following this antagonistic action of intravenous 
saline solution, was given a low calcium and phosphorus diet to show 
that this diet is complementary in further decreasing serum-calcium 
after the effect of saline solution has disappeared. 


METHODS 


After the food was properly ashed, calcium was determined according 
to the standard volumetric method outlined by Scott (1). The urinary 
calcium was determined by the Shohl and Pedley method (2). The 
faecal calcium was determined by the dry ashing method of Stolte (3). 


1 From the Boehne Tuberculosis Hospital, Evansville, Indiana. 
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The serum-calcium was determined by the Clark and Collip method (4), a 
modification of the method of Kramer and Tisdall (5). Phosphorus 
determinations were made by the method of Benedict and Theis (6). 


THE DIET 


The diet for both the control and the patient in this experiment was 
identical. The same kind and quantity of food was consumed by each 
one, three times a day from June 29, 1932, to and including August 5, 
1932, for the control, and to and including August 7, 1932, for the 
patient. This made a total of 38 days for case 1 and a total of 40 days 
for case 2. The diet for one entire day was ashed, to ascertain the 
correct amount of calcium present. The daily intake of calcium was 
found to be 3.109 gm. The calculated amount of calcium was 3.089 
gm., a difference of 0.02 gm. The figure obtained by ashing was used. 
The calculated phosphorus intake per diem was 3.419 gm., making the 
ratio of calcium and phosphorus in the daily diet 0.9 to 1. 


THE ADMINISTRATION OF VIOSTEROL 


The two cases were on this dietary intake for a period of 17 days 
before viosterol was administered. The solution of viosterol* used had a 
codliver-oil coefficient of 10,000. In other words, it was 100 times 
stronger than 250D. The daily dose was 0.5 cc. (20 gtts.), which was 
equivalent in vitamine D to 5,000 cc. of codliver oil. 

Case 1 received viosterol of this dosage and potency from July 16 to 
July 27, a period of 12 days before it was discontinued. Case 2 received 
viosterol of this dosage and potency from July 16 to July 29, a period of 
14 days, before it was discontinued. 


SERUM-CALCIUM 


During the control period, two normal serum-calcium determinations 
in case 1 were 11.0 mgm. and 11.4 mgm. per 100 cc. of blood-serum (table 
1). For this period, case 2 had serum-calcium determinations of 10.6 
mgm. and 11.8 mgm. per 100 cc. of blood-serum (table 2). Serum- 
phosphorus and Ca x P produet for each case are listed in tables 1 and 2. 

During the administration of viosterol, the serum-calcium in each 
case was elevate. above normal, but a high cumulative effect of the drug 
was not obtained until 9 days after the viosterol had been discontinued. 
At this time, in case 1, the calcium rose to 14.2 mgm. per 100 cc. of 


? Kindly supplied by Mead Johnson & Company. 
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TABLE 1 
The effect of viosterol on the calcium metabolism of a normal individual 


SERUM P 
Balance PER 100 cc. 


Nega- 


tive Positive 


grams | grams 


7- 8-32 0.189 0. 


80 
7-10-32 ‘ 0.136 | 3. 0.10 
7-15-32 . 0.170 | 2. 0.05 


0.165 


0.108 
0.120 
0.142 
0.185 
0.154 
0.147 
0.251 
0.200 
0.282 
0.244 


7-17-32 
7-18-32 
7-19-32 
7-20-32 
7-21-32 
7-22-32 
7-23-32 
7-24-32 
7-25-32 
7-26-32 0.270 
7-27-32 0.296 
7-27-32 Viosterol discontinued 

7-28-32 .109 | 0.270 
7-29-32 .109 | 0.273 
7-30-32 .109 | 0.202 
7-31-32 .109 | 0.288 
8- 1-32 .109 | 0.253 
8- 2-32 .109 | 0.269 
8- 3-32 -109 | 0.241 
8- 4-32 109 | 0.289 
8- 5-32 .109 | 0.265 


Effect of viosterol 


NNN 
Spess 


3.109 | 0.226 


8- 6-32 1200 cc. Saline administered 
8- 6-32 | 2.384 | 0.073 | 2. 
8- 7-32 1050 cc. Saline administered 
8- 7-32 | 0.482 | 0.094 
8- 7-32 | Saline discontinued 

8- 8-32 1.306 | 0.167 
8- 9-32 1.804 | 0.153 
8-10-32 1.319 | 0.224 
8-11-32 1.174 | 0.165 
8-12-32 3.109 | 0.240 
8-13-32 3.109 | 0.104 
8-14-32 3.109 | 0.113 
8-15-32 3.109 | 0.180 
8-16-32 3.109 | 0.121 


° 


204 
CALCIUM 
DATE VIOSTEROL Output Ca XP 
10,000X Intake PRODUCT 
Urine | Faeces cc. 
11.0 4.0 44.00 
11.4 4.8 54.72 
2.695 0.25| 11.2 | 4.4 
7-16-32 .749 0.25 
.708 0.28 
.735 1.22 
.818 0.10 
132 0.82 | 12.6 3.5 44.18 
.848 3.41 
.949 0.90 
.116 | 0.20 12.8 4.0 51.20 
.864 | 0.03 
.359 0.50 
.502 0.33 | 11.3 4.4 49.72 
.449 0.36 
12.6 5.0 63.00 
14.2 4.4 62.48 
Averages......... 2.398 mmm 612.7 4.2 
227 
489 | 1.10 13.1 4.0 52.40 
158 | 1.02 
798 | 0.14 
653 | 1.55 13.8 $.2 71.76 
775 | 1.76 
783 1.08 | 13.1 4.6 60.26 
939 0.06 
072 | 0.08 
967 0.96 
022 0.96 | 11.5 4.2 48 .30 
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TABLE 2 


The effect of viosterol on the calcium metabolism of a patient with pulmonary tuberculosis 
(quiescent) 
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CALCIUM 


Output 


Balance 


Urine 


Nega- 
tive 


Positive 


SERUM P 
PER 100 cc. 


Ca x P 
PRODUCT 


7- 8-32 
7-10-32 
7-15-32 


Control averages 


7-16-32 
7-17-32 
7-18-32 
7-19-32 
7-20-32 
7-21-32 
7-22-32 
7-23-32 
7-24-32 
7-25-32 
7-26-32 
7-27-32 
7-28-32 
7-29-32 
7-29-32 
7-30-32 
7-31-32 
8- 1-32 
2-32 
8— 3-32 
8- 4-32 
5-32 
8- 6-32 
8- 7-32 


Effect of viosterol 


Averages 


8- 8-32 
8-32 
8— 9-32 
8 9-32 
9-32 
8-10-32 
8-11-32 
8-12-32 
8-13-32 
8-14-32 
8-15-32 
8-16-32 


grams 
0.293 
0.276 
0.184 


Viosterol discontin 
3.109 


0.251 


0.132 
0.154 
0.221 
0.232 
0.227 
0.277 
0.268 
0.301 
0.335 
0.282 
0.341 
0.460 
0.379 
0.312 
ued 

0.337 
0.451 
0.418 
0.416 
0.325 
0.480 
0.401 
0.489 
0.486 


3. 


2000 cc. Saline ad 


| 0.523 | 0.493 | 1.953 


0.335 


ministered 


2500 cc. Saline administered 


| 0.704 | 0.183 
Saline discontinued 


1.262 
0.169 
0.169 
0.169 
0.169 
0.169 
0.169 


0.836 


0.318 | 0.660 
0.153 | 0.112 
0.229 | 0.075 
0.135 | 0.142 
0.213 | 0.085 
0.154 | 0.235 
0.223 | 0.206 


grams | grams 


0.22 
0.01 


| 

DOSAGE 
ntake per 

ce. grams grams mgm. mgm. ‘1 
3.109 2.596 | 10.6 | 3.6 | 38.16 ii 

3.109 2.819 11.8} 3.5 | 41.30 aN 

3.109 3.145 | 0.22 a 
3.109 | | 2.853 0.01} 11.2 | 3.5 
3.109 3.036 | 0.05 

3.109 682 0.27 

3.109 012 | 0.12 

3.109 | 0.33 

3.109 .563 1.31] 11.5 | 2.9 | 33.35 i 

3.109 .990 0.84 q 

3.109 .044 | 0.20 it 

3.109 .430 0.37] 12.8 | 3.1 | 39.68 

3.109 896 0.86 

3.109 0.59 

3.109 0.92] 13.1 | 2.9 | 37.99 

3.109 421 0.22 J 

3.109 825 0.90 

3.109 152 0.64 

ry 0.17] 13.3 | 5.0 | 66.50 

.109 | 0.15 

.109 0.92 | 

.109 854 0.83 ‘a 

.109 .969 0.81] 12.7 | 3.6 | 45.72 

.109 .790 0.83 

.109 561 0.12] 13.4] 3.4 | 45.56 

.109 975 0.64 

0.13} 14.9] 4.6 | 68.54 
.........| 109 | | 2.310 0.46] 13.3 | 3.8 
| 1.92 13.4 | 4.0 | 53.60 
| 0.31 13.1 3.5 45.85 
0.28 q 

0.09 al 

0.13 

0.10 il 

0.12 
0.22 

0.26 10.5 | 3.0 | 31.50 “f 
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blood-serum, and in case 2 to 14.9 mgm. per 100 cc. of blood-serum. 
These serum-calcium concentrations were compatible with excellent 
well-being. After the use of intravenous saline solution, in case 1 the 
serum-calcium was 1.1 mgm. per 100 cc. lower, and in case 2, 1.5 mgm. 
per 100 cc. lower, in twenty-four hours. After this therapy case 1 
returned to the initial calcium intake, and the serum-calcium returned 
to a normal level of 11.5 mgm. per 100 cc. of blood-serum. After saline 
solution, case 2 was placed on a low calcium intake of 0.169 gm. daily, 
and the serum-calcium returned to a normal level of 10.5 mgm. per 100 
cc. of blood-serum. 


CALCIUM ABSORPTION 


Serum-calcium is one of the indices of calcium absorption. In case 1 
the average normal serum-calcium is 11.2 mgm. per 100 cc. of blood- 
serum. Subtract this average from the serum-calcium average of 12.7 
mgm. after the viosterol effect, and the result indicates an average of 
1.5 mgm. of calcium per 100 cc. absorbed above that absorbed during 
the control period. In case 2, by subtracting the average normal 11.2 
mgm. of calcium from the average of 13.3 mgm. per 100 cc. of blood- 
serum, the result is 1.9 mgm. per 100 cc. absorbed above that absorbed 
during the control period. 

Harris (7) measures the net absorption of calcium by the difference 
between the intake and the faecal calcium. The average net absorption 
in case 1 (table 1) before viosterol was administered equals 0.41 gm. of 
calcium. At the end of the viosterol period it equalled 0.71 gm. of 
calcium, an increase of 0.30 gm. of calcium. The average net absorption 
in case 2 (table 2) before viosterol was administered equals 0.25 gm. 
The average net absorption at the end of the viosterol period equalled 
0.79 gm. of calcium, an increase over the control period of 0.54 gm. of 
calcium. Harris (7) further states that the net absorption increase 
implies an increase in the gross amount absorbed from the gut or a de- 
crease in the amount of calcium excreted back into the gut. 

In case 1, table 1, the average intake for the control period was 3.109 
gm. of calcium. The average faecal excretion during the same period 
was 2.695 gm. of calcium. If one subtracts 2.695 gm. from 3.109 gm., 
the result equals 0.41 gm. of calcium absorbed during the control 
period. The average intake at the end of the viosterol period (table 1) 
was 3.109 gm. of calcium. Subtract the average faecal excretion of 2.398 
gm. from this intake, and the result equals 0.71 gm. of calcium absorbed. 
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In the positive-balance column, table 1, subtract the average 


0.71 gm. absorbed due to viosterol, and it equals the net absorption of 
0.31 gm. of calcium, the difference between the control and viosterol 
positive balance of 0.25 gm. during the control period from the average 


Subtract the 0.41 gm. absorbed during the control period from the 


periods. 
equals 0.23 gm. of calcium. By subtracting this retention figure of 


0.23 gm. from the increased absorption figure of 0.31 gm., the result 
equals 0.08 gm. of calcium. This figure is slightly above the urinary 


of 0.48 gm. during the viosterol period and the average retention figure 
excretion of 0.06 gm. of calcium over the same period. 
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In case 2, table 2, the average intake for the control period was 3.109 
gm. of calcium. The average faccal excretion during the same period 
was 2.853 gm. of calcium. If one subtracts 2.853 gm. from the 3.109 
gm., the result equals 0.25 gm. of calcium absorbed during the control 
period. The average intake at the end of the viosterol period, table 2, 
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CHART 2 


was 3.109 gm. of calcium. Subtract the average faecal excretion of 
2.310 gm. from this intake and the result equals 0.79 gm. of calcium 
absorbed. Subtract 0.25 gm. absorbed during the control period from 
the 0.79 gm. absorbed due to viosterol, and it equals the net absorption 
of 0.54 gm. of calcium, the difference between the control and viosterol 
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periods. In the positive balance column, table 2, subtract the average 
positive balance of 0.01 gm. during the control period from the average 
of 0.46 gm. during the viosterol period and the average retention figure 
equals 0.45 gm. of calcium. By subtracting this retention figure of 
0.45 gm. from the increased absorption figure of 0.54 gm., the result 
equals 0.09 gm. of calcium. This nearly equals the average increase of 
0.08 gm. of calcium in the urinary excretion over the same period. This 
would indicate clearly enough that the effect of vitamine D was purely 
one of absorption and not delayed excretion. 


———CALCIUM ABSORPTION= INTAKE MINUS FECAL 
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Bauer, Marble and Claflin (8) noted, upon administering viosterol, 
an immediate decrease in urinary phosphorus and calcium, and an in- 
crease in the faecal phosphorus and calcium. We noted in case 1 (table 
1), over a 6-day average period, a decrease in the urinary calcium from 
0.165 gm. to 0.142 gm. of calcium. In case 2 (table 2), a six-day average 
during the beginning of viosterol administration showed a decrease of 
urinary calcium from 0.251 gm. to 0.207 gm. However, the faecal 
calcium also decreased in case 1 from 2.695 gm. to 2.331 gm. for the 
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6-day period. In case 2 the faecal calcium decreased from 2.853 gm. 
to 2.50 gm. Thus, during the early administration of viosterol the 
urinary and faecal calcium are decreased, since the tissue fluids retain 
an added supply of calcium, due to the early effect of vitamine D. 
Within a few days the tissues become more nearly saturated and the 
excess calcium is eliminated through the urinary tract. 


———CALCIUM ABSORPTION = INTAKE MINUS FECAL CALCIUM 
CALCIUM RETENTION = INTAKE MINUS URITIARY + FECAL CALCIUM 
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CALCIUM RETENTION 


Calcium retention is measured by taking the difference between the 
intake and the urinary and faecal output. During the control period 
case 1 had an average retention of +0.25 gm. of calcium. During the 
period of viosterol administration and resulting hypercalcaemia, the 
average was +0.48 gm. of calcium, which results in a net retention of 
+0.23 gm. of calcium over the control period. 
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Case 2 during the control period had an average retention of +0.01 
gm. and during the period of administration of viosterol and resulting 
hypercalcaemia the average retention was +0.46 gm., which results in 
+0.45 gm. of calcium retained over the control period. 

These positive balance or retention figures are charted for cases 1 and 2 
in charts 1 and 2. The entire picture of the daily intake and the daily 
urinary and faecal output is represented. Here one can readily visualize 
the increase in the urinary calcium and the decrease in the faecal calcium 
as a result of increased absorption due to the effect of viosterol. Graph 
1 for case 1 and graph 2 for case 2 demonstrate the absorption and re- 
tention curves before and after the viosterol period. 


CALCIUM EXCRETION 


Before the administration of viosterol, case 1 had an average normal 
calcium excretion in the urine of 0.165 gm. The average calcium ex- 
creted per diem, during the period of administration and resulting hy- 
percalcaemia, was 0.226 gm. of calcium. The faecal calcium in case 1 
during the control period averaged 2.69 gm. per diem. After the period 
of administration and resulting hypercalcaemia, the faecal calcium 
averaged 2.39 gm. The drug produced an average increase of 0.061 


gm. of calcium in the urine per diem over normal. And it caused a 
decrease of 0.30 gm. of calcium per diem in the faecal output. 

Before the administration of viosterol, case 2 had an average normal 
calcium excretion in the urine of 0.251 gm. The average calcium ex- 
creted per diem during the period of administration and resulting hyper- 
calcaemia was 0.335 gm. of calcium. The faecal calcium in case 2 dur- 
ing the control period averaged 2.85 gm. per diem. After the period 
of administration and resulting hypercalcaemia, the faecal calcium 
averaged 2.31 gm. The drug produced an average increase of 0.084 gm. 
of calcium in the urine per diem above normal. It caused a decrease 
of 0.50 gm. of calcium per diem, in the faecal output. 

Sufficient dosage of vitamine D obviously shows that the urinary 
excretion is increased and the faecal excretion is decreased due to the 
increased absorption of calcium. Any excess calcium not required 
by the tissue fluids is naturally excreted into the urine. When the 
excretory limit for calcium is passed, retention rapidly becomes greater. 
Dependent upon the rate of excretion, hypercalcaemia or calciotoxaemia 
results (9). This explains why a longer period is necessary to develop a 
hypercalcaemia in some individuals. Any individual, that can tolerate 
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an optimal calcium-phosphorus intake with vitamine D over long periods 
of time, does so because he is capable of excreting into the urine the 
excess calcium absorbed into the blood-stream. 

One patient not herein reported received 760 drops of viosterol used 
in this experiment over a period of 22 days, which is equivalent to 190 
litres of codliver oil, as far as vitamine D is concerned. This patient 
complained of no symptoms whatever, due to the fact that he excreted 
0.6 gm. calcium in the urine per day... His serum-calcium never rose 
above 13.3 mgm. per 100 cc. 


THE EFFECT OF AN INTRAVENOUS INFUSION OF PHYSIOLOGICAL SALINE 
SOLUTION ON HYPERCALCAEMIA INDUCED BY VITAMINE D 


During the 24 hours prior to the infusion of saline solution, case 1 
(table 1) had an intake of 3.109 gm. of calcium, a serum-calcium of 14.2 
mgm. per 100 cc., a total urinary excretion of 2.65 gm., and a total faecal 
excretion of 2.558 gm. During the next 24 hours, August 6, the patient 
received 1200 cc. of physiological saline solution intravenously and at 
the same time had an intake of 2.384 gm. of calcium. On this.day the 
urinary calcium was 0.073 gm. and the faecal calcium was 2.227 gm. 
The patient became slightly nauseated as the infusion of saline continued 
and on August 7, 1932, he was able to take only 0.482 gm. of calcium 
in his diet. On this day his urinary calcium was 0.094 gm. and his 
faecal calcium was 1.489 gm. During this day he had considerable 
diarrhoea, and cramps in his abdomen, and an occasional chill. His 
temperature rose to 101.2°, while his pulse remained normal. He re- 
ceived 1,050 cc. of saline, making the total infusion of saline 2250 cc. 
up to 3 o’clock on August 7. As soon as the saline was discontinued his 
blood-calcium was 13.1 mgm. per 100 cc. of blood-serum. With a 
decreased intake in calcium, the urinary calcium remaining about the 
same, the faecal calcium remained comparatively high, considering the 
intake of calcium on August 5 with the intake on August 6 and 7. 

On the first day of saline infusion, he had a positive balance of 0.08 gm. 
On the second day of saline infusion he had a negative balance of 1.10 
gm. This same patient for six days after the infusion of saline had an 
average intake of 1.654 gm. of calcium. He excreted an average of 
2.299 gm. of calcium in the faeces during this time. This excretion is 
more than the average faecal calcium of 2.144 gm. during the six days 
prior to the infusion of saline, when he had twice the intake of calcium 
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per day. This again shows that the saline brought about an added 
excretion of calcium in the gut and at the same time lowered the excre- 
tion of calcium in the urine. 

Case 1 (table 1) had an optimal calcium intake beginning on August 8. 
He was able to resume the standard calcium intake of this experiment on 
August 12. Up to this time he had a negative balance from August 6 
to August 12. The urinary calcium returned to its normal range. After 
the patient was readjusted to the standard intake of calcium and phos- 
phorus, he had on August 15 and 16 a positive balance and a normal 
serum-calcium of 11.5 mgm. per 100 cc. After the saline had appar- 
ently reversed the route of calcium excretion and counteracted the effect 
of added vitamine D, the standard calcium intake of 3.109 gm. per 
diem maintained a normal serum-calcium. 

During the 24 hours prior to the infusion of saline solution case 2 
(table 2) had an intake of calcium of 3.109 gm., a serum-calcium of 14.9 
mgm. per 100 cc., a total urinary excretion of 0.486 gm., and a total 
faecal excretion of 2.489 gm. During the next 24 hours the patient 
received 2,000 cc. of normal saline intravenously and at the same time 
had an intake of 0.523 gm. of calcium. The urinary calcium was 0.493 
gm. and the faecal calcium was 1.953 gm. The patient became slightly 
nauseated and had an occasional chill as the infusion of saline continued. 
His temperature rose to 102.2° and his pulse to 110. On August 9 his 
intake was 0.704 gm. of calcium, his urinary calcium was 0.183 gm., and 
his faecal calcium was 0.836 gm. During this day the patient had con- 
siderable cramps in his abdomen, but no diarrhoea. Nausea and ano- 
rexia continued. His temperature elevated to 103.4° and his pulse to 
116. On this day he received 2,500 cc. of saline, making a total of 4,500 
cc. up to 3 o’clock on August 9, 1932. As soon as the saline was dis- 
continued his serum-calcium was 13.1 mgm. per 100 cc. With the 
decreased intake of calcium (the urinary calcium remaining about the 
same), on August 8 the faecal calcium remained comparatively high con- 
sidering the intake of calcium on August 8 and 9. It is obvious that 
saline solution brought about a more rapid excretion of calcium into the 
gut and a slight increase in the urine on August 8, whereas on August 9, 
the urinary calcium output decreased with the faecal output. The 
faecal calcium output showed a definite correlation with the reduction 
in calcium intake in both cases. 

It is impossible in this case to compare the output by any number of 
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days before and after administering saline solution because the patient 
was purposely changed to a low calcium-phosphorus diet. Although 
it is not essential, a low calcium-phosphorus diet is complementary to 
the lowering of the serum-calcium with saline. Case 2 had a negative 
balance continuously from August 8 to August 16, except on August 10. 
On August 16 the serum-calcium was 10.5 mgm. per 100 cc. Saline 
solution intravenously decreases a normal serum-calcium temporarily. 
Graph 1 for case 1 and graph 2 for case 2 show the effect of saline solution 
on the absorption and retention of calcium. 


COMMENT 


The only difference noted between the normal individual and the case 
of pulmonary tuberculosis was the kidney threshold for the excretion of 
calcium. The patient with pulmonary tuberculosis increased and ex- 
creted more calcium per diem, which of course may be due to the fact 
that normally he had a low calcium threshold. The essential difference 
between the intake and the faecal calcium is the urinary calcium, which 
confirms Stewart and Percival’s observations (1927) (10) in dogs, and 
Taylor and Fine’s observations (1930) (11), namely, that the amount of 
calcium excreted from the large and small bowel is not great. After 
the administration of viosterol, the main difference between the intake 
and the faecal calcium still remains the urinary calcium, even though it 
increases and the faecal calcium decreases. Taylor and Weld (12) 
later showed, in dogs, that ingested calcium was all absorbed and that 
the calcium of the faeces is practically entirely excreted calcium. They 
(12) also showed no correlation between ingested and faecal calcium. 
We disagree with these statements (12) by showing in this experiment 
that, after the effect of saline solution has disappeared, there is a direct 
correlation between a high calcium intake and a high faecal output in 
case 1 (table 1) and a low calcium intake producing a low faecal output 
in case 2 (table 2). 

Taylor and Weld (12) believe that vitamine D delays the excretion 
of calcium into the gut. When either case in this experiment had a 
negative balance it had on the same day a high faecal calcium, which 
would indicate either decreased absorption or increased excretion into 
the gut, and not delayed excretion. In only one instance the urinary 
calcium increased on the day that a negative balance occurred, but the 
faecal calcium simultaneously increased to assist in accounting for the 
negative balance. In every other instance when either case had a high 
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faecal calcium during the feeding of viosterol, the faecal-calcium in- 
crease was practically responsible for a negative balance. 

Cantarow (13) states that, in hypercalcaemia brought about by 
excessive dosage of vitamine D, the calcium balance is changed from 
positive to negative. In the light of our work a positive calcium balance 
is maintained in hypercalcaemia as long as there is an optimal intake of 
calcium and phosphorus. A true physiological action of vitamine D 
can only be analyzed in the face of an optimal intake of calcium and 
phosphorus. 

Unaware of the fact that sodium bicarbonate had beer employed (14) 
to counteract hypercalcaemia, we used a 7.5 per cent solution of sodium 
bicarbonate to lower the condition of hypercalcaemia and calciotoxaemia 
(9). We discovered that hypercalcaemia returns after the use of sodium 
bicarbonate in calciotoxaemia. The lowering of the calcium concentra- 
tion in the blood is only temporary. The lowering of the calcium con- 
centration in the blood by the use of intravenous saline solution is more 
permanent. Toxic doses of viosterol, however, may demand a repeti- 
tion of saline if a high calcium-phosphorus diet is maintained. 

In these cases the serum-phosphorus was not observed above or below 
a normal serum-level. The action, in part, is probably due to calcium- 
sodium ion antagonism, but not entirely so, because in some cases (work 
unpublished) the saline solution lowers a high or normal serum-phos- 
phorus. Thus, the use of saline solution probably rearranges the chem- 
ical and osmotic relationship of the intestinal cell-wall. Intravenous 
saline solution appears to reverse the route of the greater amount of 
calcium from the kidneys into the gut. 


CONCLUSIONS 


1. There is a direct correlation between the amount of the calcium 
intake and the faecal calcium output. 

2. During the early adrainistration of viosterol there is a decrease 
in urinary and faecal calcium. Continued administration increases the 
urinary calcium and decreases the faecal calcium. 

3. Viosterol increases the absorption of calcium, as indicated by the 
elevation of serum and urinary calcium. 

4. Increased dosage of vitamine D increases the absorption and the 


retention of calcium in the tissue fluids to effect a state of hypercalcaemia. 
5. Intravenous saline solution is a specific antagonist to a state of 
hypercalcaemia effected by vitamine D. 
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THE PSYCHOLOGY OF TUBERCULOSIS 
C. B. ROSS! anp W. S. STANBURY? 


The influence which tuberculosis may exert on behavior has always 
been a subject of great interest to students of the disease. From their 
deductions and speculations has grown a bibliography containing opinions 
which are divergent and, at times, apparently contradictory. This 
confusion arises from a medley of causes, including the fact that the 
psychologists themselves are still undecided on any universal system. 
Possibly, too, the clinicians have been lax in analyzing and recording 
those aspects of the disease not primarily concerned with physical signs 
and symptoms. 

It has been argued by some that the disease exercises a specific influ- 
ence on behavior, while others have maintained that the effect is non- 
specific and is the same as that produced by any other chronic disease. 

Several years of experience in institutions where it is necessary to see 
the same patients daily over long periods, to become intimate not only 
with their physical condition but with their mental reactions as well, 
have given rise to the conviction that tuberculosis possesses a poten- 
tiality to alter ideation and behavior in ways which are evident in the 
majority of sufferers from the disease. With this opinion goes the belief 
that these changes may be considered of specific aetiology, for in this 
disease there is an unique combination of organic and psychic causative 
factors. 

These factors are brought to bear on organisms which, because of a 
multiplicity, both of the innate nervous patterns and of the modifying 
influences of personal experience, have already achieved distinct indi- 
viduality. Tuberculosis, therefore, as part of ontogenetic experience, 
in each patient enters a nervous field which is already unique in itself, 
and the resulting changes shape themselves in proportion to such vari- 
ants as the exuberance of the disease and the individual reaction to 
such circumstances. 

In a study of the aetiology of neuropsychological change, it is necessary 
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to recognize the fact that tuberculosis exercises both a somatic and a 
psychic influence. These two forces overlap to some extent in their 
action, but an appreciation of their existence as aetiological entities is 
essential to a clear analysis of the general nervous effects of the disease, 
a point which has not been sufficiently emphasized. 

The purely somatic influence of the disease arises either from the pres- 
ence of bacillary foci in the nervous tissue itself, or from the action of 
toxic products carried to the neurons from remote foci, the latter being 
the disturbing influence in most cases. 

On the other hand, the purely psychic influence is due to the patient’s 
awareness of the presence in his organic structure of a disease of such 
disabling and lethal potentialities as are found in tuberculosis. This 
awareness, alone, is capable of causing marked changes in behavior. 

The following tabulation is an attempt to synopsize the various ways 
in which these two agencies, separate or combined, may bring about 
mental change. 


Psychological action of tuberculosis 


1: Influence of the organic lesion 
a: Bacillary foci in nervous tissue 
b: Acute or overwhelming toxaemia 
c: Chronic toxaemia 
i. Stimulation 
ii. Depression 
iii. Mixed or alternating stimulation and depression 
2: Influence of the concept of the disease 
a: Conflict not resolved 
b: Conflict successfully resolved 
c: Conflict partially or unsatisfactorily resolved 


The disorganizing effect of tuberculous disease in the nervous tissue 
may evince itself in different ways. In localized infections, mental 
changes of variable degree may accompany a neurological syndrome 
which is diagnostic of an intracranial iesion, such as brain abscess, a 
complication found fairly frequently in terminal states, particularly in 
the presence of a chronic purulent pleural empyema. In more diffuse 
lesions there may be marked mental alienation. Thus, a typical demen- 
tia praecox developed in a patient who within a few days showed unmis- 
takable evidence of meningitis, while autopsy revealed a tuberculous 
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encephalitis, the local phase of a general miliary spread. The psychoses 
resulting from such gross pathological lesions of the brain tissue usually 
take on schizophrenic characteristics. 

Closely allied is the delirium produced by the disorganizing action of 
overwhelming toxaemia, such as is found in the terminal or acute stages 
of the disease. Lesser degrees of toxic inundation, acting on nervous 
tissue which has already suffered markedly in nutrition, are possibly 
responsible for the states of euphoria frequently observed in very ill 
patients. 

These psychoses must be differentiated from those of predominatingly 
psychogenic origin which, of course, are liable to occur in the tuberculous 
as well as in the nontuberculous part of the population. It has been 
strongly claimed that there is a definite association between tuberculosis 
and “insanity.” The fact that the occurrence of “insanity” in tuber- 
culosis sanatoria does not appear to be unusually frequent is explained 
by the high incidence of tuberculosis in mental hospitals, which indicates 
that, when the association occurs, it is the psychosis which manifests 
itself first. Reliable statistics on this point are not available and, if 
tuberculosis is found with increased frequency in asylums, other factors 
may be the cause, such as crowding, indoor life, and interference with 
nutrition by affective states. 

Infection of the nervous tissue and acute overwhelming toxaemia play 
such distinct parts in the somatic nervous influence of the disease that 
their discussion serves only as an introduction to the study of the opera- 
tion of chronic toxaemia, a more subtle agency, which is productive of 
less obvious mental change. 

Chronic tuberculous toxaemia has a definite and obvious effect upon 
the vegetative nervous system, and this has been amply described by 
Pottenger and others. 

There is little doubt that it influences the nervous system in general 
and the higher as well as the lower strata of brain structure. The 
nervous expression of tuberculous intoxication is stimulation followed 
by depression, there being a quantitative relation between the two. 
Fatigue may follow prolonged stimulation, or a similar state of depression 
may be produced by a greater degree of intoxication than that which 
produces stimulation. 

Inasmuch as the patient found in sanatorium practice is liable to 
exhibit the combined effects of both forces, the influence of tuberculous 
intoxication, unaltered by the addition of the purely psychic factor, must 
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be studied in patients who are unaware that they have the disease. Such 
study must be largely retrospective, because, as soon as knowledge of the 
disease enters, the whole mental picture is liable to change. 

Medical histories and autopsy reports in general uphold the opinion 
that there are more people suffering from tuberculosis without knowing 
it than there are who have knowledge of their affliction. When the 
resulting nervous disturbances are sufficiently marked to bring the 
patient to the physician, these disturbances will most naturally be of 
the depressive type because they are more likely to be subjectively 
recognized as states of ill-health. Hence, the stimulative type is seldom 
seen professionally. It has been noticed, however, frequently enough 
to find a place in biographical literature. 

The toxic stimulation is general, affecting both the psychic and the 
general bodily functions. A slight elevation of temperature, if present, 
stimulates metabolism and further augments the acuity of mentai 
processes and the irritability of the entire nervous system. The result 
is the production of an individual who is of general erethitic type, usually 
spare in build, active physically, conscious of no unusual amount of 
fatigue, alert, interested, and willing to undertake tasks which would 
tax the physical, and especially the mental, capacity of the average 
healthy individual. At school his industry may raise him to the head of 
his class. He is apparently not robust, but holds the respect and admira- 
tion of his fellow-students because he not only outshines them mentally 
but drives himself successfully in keeping up with their games and other 
physical undertakings. What he lacks in muscular power he makes up 
in intelligence, alertness and bodily activity. When his tuberculosis is 
discovered, it is usually found to be of benign type. 

Greater degrees of intoxication may depress both physical and psychic 
function. The physical effects may be produced directly by the action 
of the toxins on all tissue or indirectly through the nervoussystem. Thus 
the disorders of digestion due to toxic disturbances of the autonomic 
nervous system ultimately result in alterations of general nutrition. 
Brain tissue will also suffer in nutrition but even before this occurs there 
is liability to depression of its function by direct action of the toxins in 
amounts larger than those necessary to cause stimulation. Nerve- 
exhaustion types of this origin are common and simulate true neuras- 
thenia. In fact Head goes so far as to state that a large number of 
neurasthenics are in reality suffering from occult or latent tuberculosis, 
and that this should be considered as a highly probable cause in all cases 
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of neurasthenia when syphilis, peptic ulcer, dysthyroidism and chronic 
nephritis can be excluded. This claim is highly disputable, but at least 
it is well known that, in many patients who have exhibited neurasthenic 
symptoms off and on for years, tuberculosis has been finally and con- 
clusively demonstrated. 

The patient, feeling general depressive effects, will show easily induced 
fatigue of all functions. His nutrition suffers, and there are disorders 
of digestion and evidence of visceroptosis. ‘There is vasomotor insta- 
bility and the production of skin flushes, dermographia and hypercon- 
sciousness of cardiac action. There is a general feeling of weakness and 
easily induced fatigue, while the mental picture is one of depression or, 
at least, of labile moods. There is a disposition to brood and become 
egocentric. If of school age the patient is liable to appear dull, falling 
below the average in all subjects, particularly in those which require the 
greatest concentration and which offer the least allurement to interest. 
There may be frequent “nervous breakdowns” and prolonged absences 
from school for general ill-health. Life is evidently a burden and the 
subject’s well-being demands a protected existence which puts a tax on 
all his friends and relatives. 

In cases developing later in life there may be, in the course of a few 
months, a change in disposition which may be very obvious not only to 
his friends but to the patient himself. For no apparent reason he 
becomes irritable, apprehensive, easily fatigued, and changes in his 
entire outlook on life. 

As a third possibility, chronic tuberculous toxaemia may act in such a 
way as to produce mixed or alternating states of depression and of stimu- 
lation. As an example of the latter, it often happens that a patient who 
presents himself suffering from nervous exhaustion of fairly sudden 
onset, states of his own accord that he is puzzled by the fact that, just 
previous to the commencement of his present symptoms, he was feeling 
particularly well, that he was unusually active, alert and interested in 
his vocation and, in short, was enjoying a period of health of such appar- 
ent excellence as to fix it firmly in his memory. Variations in degree 
of toxaemia may bring about alternating recurrences of such states. 

On the other hand the stimulative and depressive influences may act 
contemporaneously in one individual. The higher strata of the nervous 
system may be stimulated while the lower levels are depressed; bodily 
function may be interfered with, while at the same time psychic function 
may be either stimulated or not affected. Mental hyperacuity may be 
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induced either by toxic stimulation or as a measure of compensation for a 
handicapped body, resulting in an individual who, in spite of physical 
inferiority, may appear so bright mentally as to stand out among his 
fellows. In contrast to the type resulting from general stimulation, 
this patient may be unable to enter into strenuous competitions, and, 
owing to his consciousness of physical inferiority, is liable to exalt his 
intellectual superiority to the point where he may be regarded by his 
associates as a snob or an eccentric. 

To complete the survey of the nervous influence of tuberculous tox- 
aemia, it is necessary to mention the fact that its effects are not always 
present. Evidence of old or obsolete tuberculosis may be found so 
frequently in patients who claim never to have had a day’s illness, that 
it is safe to say in many of these cases that the toxaemia left no imprint 
because it was clearly a passing phase, such as might be observed in any 
acute infection. 

As soon as the patient becomes aware that he has tuberculosis, he 
comes under the influence of another factor strong in its potentiality 
to alter his behavior and outlook on life. The knowiedge of his organic 
affliction produces an immediate affective response in which fear plays 
a large part. This response varies with the individual in accordance 
with what is told him of the seriousness of his malady and his already 
determined reaction to any unpleasant reality. 

The emotion of fear is protective in a purposive way inasmuch as, by 
means of complicated mechanisms of hormonic, vasomotor and chemical 
reaction, the organism is keyed up to the pitch which will allow danger 
to be overcome or avoided with greatest efficiency. But the presence 
of tuberculosis constitutes a peril which cannot be successfully combated 
by primitive means. This danger is not temporary but prolonged, not 
external and avoidable but internal and always present, and its continued 
stimulation of emotion is liable to have a harmful effect upon the organism 
in general and to bring about states of abnormality. 

The knowledge of the presence of the disease will affect individuals 
who have already been influenced by chronic tuberculous toxaemia. The 
resulting changes will therefore evince themselves in diverse ways 
according to the preponderance of either of these factors. 

In parenthesis, it may be said that it is possible for the discovery of 
tuberculosis to have a corrective influence upon individuals who have 
already been upset by chronic toxaemia. This discovery may, in some 
cases, present an unpleasant reality which by its very concreteness is 
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preferable to the consciousness of a vague state of ill-health for which no 
definite explanation can be offered. This reaction is exceptional, but is 
well illustrated by a patient who was worried and ashamed because of a 
feeling of lassitude and easily induced fatigue which he interpreted as 
laziness. The diagnosis of tuberculosis gave him relief by supplying 
him with an adequate and acceptable explanation of what he had con- 
sidered to be a personal failing. 

But, as a rule, the knowledge of the disease enters as a pathological 
factor which varies in its degree of unpleasantness, and its prolonged 
noxious influence produces a state of conflict. 

Attempts at resolving this state of conflict meet with varied success 
in different individuals, depending upon the original mental background 
and how much this background is being influenced or has already been 
altered by the toxaemia of the disease. 

There may be little or no success in resolving the conflict. The idea 
may overwhelm any attempt to offset or suppress it, and an active state 
of fear will continue, which may ultimately take on a melancholic hue 
and even merge into a true depressive psychosis. The patient is despond- 
ent, without hope, uninterested in external things or even in his bodily 
needs. Fortunately such cases are relatively rare. 

At the other extreme the conflict may be resolved successfully by minds 
of such rare quality as are able (perhaps after a brief preliminary struggle) 
to accept the unpleasant idea fully and honestly without any further 
attempt to deny or to disguise it. With this full acceptance goes the 
abolition of fear. Such patients are able to adjust themselves bodily 
and mentally to great alterations in conditions of living. They are able 
to estimate disinterestedly their chances of recovery and, finding them 
favorable or unfavorable, to view them with equanimity in either case. 
As a rule they follow the physician’s advice conscientiously and with 
understanding, though occasionally they may adopt the attitude of “a 
short life and a merry one,” having decided dispassionately that the 
results of treatment would not be worth the effort. ; 

Such patients may be regarded as the true normals, although they are 
so much in the minority that it is safe to say they do not represent the 
average type. Among them are found, however, the highest forms of 
character and the true philosophers who have learned to conquer their 
environment. 

In most cases the conflict is resolved in an unsatisfactory or partial 
way by various mental mechanisms. The unpleasant idea may be forced 
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out of consciousness by denial of reality. The conflict may be resolved 
by rationalization, by substitution, or by exteriorization. The working 
of these mechanisms can be noticed by a close observer in the great 
majority of tuberculous patients. A patient may refuse to believe that 
he has tuberculosis, and in extreme cases may even deny the existence 
of such a disease, being aided in this by some of the modern semireligious 
cults. He may accept the idea, but diminish its banefulness by deceiving 
himself about the seriousness of the disease in general and his own case 
in particular. He persuades himself that he is sure to recover; any un- 
toward symptoms he translates in ways which support his self-established 
good prognosis; a gain of weight or a fall in temperature is given exag- 
gerated favorable significance. Another may only find relief from his 
suffering by calling in external aid, by developing great faith in some 
special medication, in the attendance of a certain physician, or in some 
miraculous intervention. A patient of this type is also prone to ritualism 
and from the mental struggle he seeks relief in petty material things; 
articles in his room must be arranged just so; the day’s physical routine 
must take a set and specified order; a drinking glass must be rinsed out 
exactly three times before being finally filled from the tap; any break in 
the sequence or delay in the performance of these things upsets him 
unduly because it makes him more keenly aware of his conflict. The 
reverse mechanism operates in some cases; a patient who has had an 
exacerbation of his disease is not satisfied to let the responsibility reside 
in his own organism, but lessens his internal conflict by fixing the blame 
on some exterior agency, the mistake of a nurse or the wrong treatment 
prescribed by a physician. If symptoms of intestinal derangement 
intervene, which tc the physician may mean the onset of a tuberculous 
enterocolitis, the first reaction of such a patient is to seek a cause in the 
food he is eating. The food which a month ago received great praise 
may now be condemned in harsh terms. 

The optimism observed among tuberculous patients (disregarding 
the euphoria encountered in terminal states) has for its basis the opera- 
tion of one or more of the above mechanisms. It is not a true optimism 
but is evidence of an attempt by the patient to bring relief to his internal 
anguish by the employment of agencies which may over-correct an 
affective state of depression. In other words, the spes phthisica is not an 
honest ebullition of good spirits, but is the bright side of a screen, the 
purpose of which is to hide the true condition of affairs not only from 
the observer but from the patient himself. 
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Selfishness as an outstanding trait of the disease has been discussed 
by several observers, including Saxe and Fishberg. It varies normally 
in degree according to the hereditary make-up of the individual and the 
influence of all previous experience. The augmentation of this trait by 
the disease Letulle attributes to a sense of inferiority and the mobiliza- 
tion of the last means of defense of an organism in desperate plight 
(touché a fond). In the terms employed in the present discussion, the 
accentuation of selfish characteristics by tuberculosis can be attributed 
to the state of conflict. While this state persists, the forces and currents 
of the patient’s entire life are necessarily directed toward its resolution. 
Hence the patient’s interest is more firmly fixed in himself. In the pres- 
ence of his own anguish, the affairs of other people dwindle in importance 
and what would previously have stirred his sympathy now appears 
trivial and unworthy of second thought. In extreme cases even the 
welfare and happiness of his consort and progeny may be unfeelingly 
sacrificed. The tendency of depressive toxaemia to produce egocen- 
tricity in the exhaustion types has already been mentioned and, when in 
such cases the awareness of the disease enters with its attendant conflict, 
there may well result selfishness in its most exaggerated form. 

In practical study it must be remembered that a patient may show at 
the one time the working of agencies which differ both in their mode of 
action and in the chronology of their origin. It has been already observed 
that, while the purely toxic condition exists, there may be a tendency to 
alternating states of general affect because of the humoral variations of 
the malady. Even after the patient becomes aware that he has tuber- 
culosis, the ebb or flow of humoral agencies may influence his reaction 
to the idea of his disease. This is well illustrated by the sudden improve- 
ment in disposition and outlook on life which, in some cases, follows the 
introduction of a successful artificial pneumothorax and which accom- 
panies an obvious lessening of toxaemia. Likewise, efforts to resolve 
the conflict may be helped or hindered through purely psychic channels 
by the patient’s appreciation of the significance of a concurrent ameliora- 
tion or exacerbation of his illness. Fluctuations in the intensity of 
these interlocking somatic and psychic factors may result objectively 
in giving an appearance of instability to the patient’s total personality. 

It may have been noticed that the use of the term “‘psychoneurosis”’ 
has been sedulously avoided in this discussion. This has been deemed 
advisable because the aetiological factors involved have for their usual 
effect the production of changes in mental life which cannot definitely 
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be described by this term inasmuch as they are evident as minor changes 
of behavior. Furthermore, the obtrusion into discussion of this more 
definitely organized symptom-complex is liable to overshadow and 
conceal those wide basic principles of cause and effect which have been 
sketched in this general study of the psychology of the disease. 

A psychoneurosis is quite liable to occur in tuberculosis and, indeed, 
the nervous influences which have been discussed particularly favor the 
production of this condition. The somatic and psychic influences may 
be equally potent in this respect. Thus, a patient suffering from the 
depressive effects of an unrecognized tuberculous toxaemia is liable to 
develop a psychoneurosis of hypochondriacal type or one which Adler 
would recognize as due to a sense of organic inferiority. Also, it has been 
more than suggested already that, from the state of conflict arising from 
the awareness of tuberculosis, there may emerge various minor psycho- 
neurotic manifestations. 

Much the same explanation can be given for the purposeful neglect 
to discuss the changes which may occur in sexual reaction. The sexual 
behavior and ideation of the individual are so intricately interwoven with 
the total personality that any effect, however produced, is bound to be 
reflected in changes in the total behavior of the individual, including his 
sexual life. The common opinion is well borne out by experience that 
changes in sexual reaction occur in tuberculosis, but a discussion of spe- 
cific phases has been avoided for the purpose of presenting a clarified 
conception of the general working of aetiological factors. The depressive 
toxic influence may encourage the sexual changes observed in introverted 
personalities, such as day-dreaming and narcissistic practices. In the 
states of conflict resulting from the awareness of the disease, sexual dis- 
turbances may come to the fore either directly as the result of a general 
affective condition or, in some cases, may result indirectly as part of a 
conscious decision to make the most of a life which threatens to be short. 
The prolonged idleness and excess of nourishment necessitated in treat- 
ment must be considered as factors liable to heighten sexuality and the 
special effect of past sexual experience must not be forgotten. 

Not much can be said here concerning treatment except to state that 
in no other organic disease is psychotherapy of such value. The physical 
deterioration and lowering of general resistance by the prolongation of 
affective states require constant attention. The ideal type of treatment 
is, of course, that which leads to success the attempts to resolve the 
conflict or, as a poor substitute, that’ which leads to partial success. 
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Here, the use of suggestion is of supreme importance. In fact this 
measure is used by all physicians who gain results in treating tuberculosis 
whether the physician’s appreciation of the disturbing factors is conscious 
or unconscious. The psychic effect of sanatorium treatment constitutes 
a great part of its value. Patients who in spite of adequate home facili- 
ties were irritable, apprehensive, febrile, losing weight and showing all 
evidence of active disease, will frequently show a marked amelioration 
of all symptoms immediately after entering a sanatorium, in spite of the 
fact that, on the face of things, living conditions are not as congenial 
here as at home. The actual entering into sanatorium life constitutes 
the first good effect in that it tends to make the patient accept the reality 
of his disease together with the assurance of proper treatment. With 
this in mind, the physician should not minimize the seriousness of the 
disease, for, when once the patient faces reality, the atmosphere, discipline 
and medical routine of well-conducted sanatoria are rich in the healing 
forces of suggestion. 

Even in those cases in which the prognosis is hopeless, the interested 
and understanding physician can do much by the use of suggestion to 
bring relief to inner suffering and to guide the patient from the slough of 


despond and the turmoil of conflict to that state of equanimity which 
may be regarded as the empyrean of mental life. 


SUMMARY 


1. A general discussion of the psychology of tuberculosis has been 
attempted. 

2. The influences which the disease brings to bear upon behavior have 
been tabulated and their modes of operation have been discussed. Such 
a synopsis, it is felt, will assist the understanding of the mental state of 
individual patients. 

3. The importance of psychotherapy, particularly suggestion, has been 
stressed. 


The authors wish to express their appreciation of the helpful criticism of Dr. W. E. Blatz, 
Associate-Professor of Psychology, University of Toronto. 
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TUBERCULOPHOBIA 
MILES J. BREUER! 


In the field of heart disease it is recognized that the mere idea of the 
malady may strike a panic of fear into the patient, and develop into a 
chronic anxiety neurosis which constitutes more of a handicap than does 
the heart disease itself. The profession has learned the danger of speak- 
ing promiscuously of heart disease in the patient’s presence. An ana- 
logous problem is developing in the realm of tuberculosis; it is more 
recent than that in heart disease, but none the less difficult and important. 

Previous to the last decade or two, the great majority of cases diagnosed 
as pulmonary tuberculosis were so far advanced that the patient’s real 
disease was enough to worry about, and the matter of a neurosis was an 
incidental problem. In recent years, the importance of the so-called 
early diagnosis has been so widely stressed, and the technique of accom- 
plishing it has been distributed among the general profession with suffi- 
cient thoroughness, so that an appreciable percentage of early and low- 
grade cases is being recognized. The ambulant patient, the patient 
with the minimal lesion, the constitutional neurotic whose tuberculosis 
is incidental, are all being informed that they kave tuberculosis of 
the lungs. 

Lungs is a more terrible word to the public than heart. It carries with 
it a dark stigma of family taint and the tradition of incurability, certain 
death, and pilgrimage to other climates, ail of them relics of the dark 
ages of tuberculosis during the past century, when the rise of industrialism 
increased the incidence of the disease more rapidly than science could 
keep pace understanding it. Many cases, which are being discovered 
early enough for a cure in the practical sense of the word, are remaining 
permanently handicapped and incapacitated, because the mental factor 
interferes with proper clinical recovery, or, after clinical recovery has 
taken place, it interferes with the resumption of useful function in 
society. The cardiac patient, who could well pursue a useful occupation 
but who is afraid to stir hand or foot because of the fear of his heart 
going bad, has his counterpart in the tuberculosis patient who cannot be 
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persuaded into activity because the emphasis laid on rest habits during 
his treatment has made an abnormal impression on him. Then, we must 
consider a certain proportion of cases that are not being discovered as 
early as they ought to be because physicians having requisite knowledge 
and skill are being prevented from facing the issue squarely with the 
patient by the same emotional block that affects the general public. 
They quail before the diagnosis of tuberculosis. They are themselves 
not exempt from tuberculophobia. The entire problem comes back to 
the principle that is being more widely recognized in all fields of medicine 
as time goes on: that diagnosis and treatment must concern themselves 
with individual human beings, not with diseases. 
The following are cases in point: 


J. S. presented himself fourteen years ago with a cavity in his left apex. 
To-day it is extremely difficult to find anything pathological in his chest, 
clinically or by X-ray, and he is robust and free from symptoms. But he 
refuses to work, and is constantly coming in with minor complaints, requesting 
examinations, and cannot be convinced that he ought to forget his former 
disease. 


J. M. had a minor flare-up of a minimal lesion four years ago. He lost a few 
pounds in weight, ran a few tenths of a degree rise in temperature, and felt a 


little malaise. He recovered completely after three or four months of treat- 
ment. After he was pronounced in good condition within the limits of the 
universal amount of infection, he did not go back to work, but spent a year in 
Arizona. He informed an insurance examiner that he had tuberculosis, and 
now is going from company to company trying to get insurance, which is being 
refused, but to which he is perfectly entitled. 


Mrs. L. P. had been told by several physicians that she had tuberculosis of the 
lungs. Examination disclosed a consolidated area in the right upper lobe the 
size of an apple. She rested and forced her diet and spent weeks and months 
in hospitals, and went through all the conventional poses of treatment for 
tuberculosis. She is a technician in a biological laboratory and has a well- 
trained mind. The deleterious effects of her phobia were clearly explained to 
her, and the modern conceptions of the pathogenesis of tuberculosis were made 
clear to her. It took about two weeks of effort while she was isolated in a 
hospital room before her mind succeeded in grasping these ideas. At the end 
of that time, she got out of bed, and at the end of a month was back in her 
laboratory, of course still under medical supervision. She enjoys her work 
thoroughly and is making rapid progress. At the end of a year, the dense area 
in the right upper lobe has almost disappeared. 
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In some respects the introspective type of personality is at an advan- 
tage if the individual contracts clinical tuberculosis. Just as in the case 
of cardiovascular disease, the patient recognizes his symptoms earlier, 
worries about them, and brings them to a doctor. The extrovert may 
collapse before he is aware that there is anything wrong or before he is 
willing to admit it. But the introvert’s advantage ceases with the an- 
nouncement of his diagnosis and becomes a handicap, unless his physician 
is a good practical psychotherapist. 

The situation is especially difficult for the reason that, if the patient is 
not sufficiently impressed with the seriousness of his condition, he will 
not believe that there is anything wrong, and will not make the proper 
efforts toward treatment. The physician is between Scylla and Charyb- 
dis; if he minimizes the seriousness of the case the patient will neglect 
himself and go on to an advanced lesion; if he exaggerates the seriousness 
of it, the patient may develop a neurosis which will be quite as incapaci- 
tating to him as the tuberculosis, and even more difficult to cure. 

The cure of an established phobia of this type is a complex and tedious 
matter, requiring much time and specialized psychotherapeutic skill, 
and is frequently impossible. The methods will not be discussed here. 
The prevention of such a condition, however, is not nearly as difficult. 
It involves a few simple principles which can be practiced by anyone. 

1: Before presenting the diagnosis, it is necessary that the physician 
understand the patient’s personality quite as thoroughly as his physical 
make-up. For this reason, the diagnosis should not be made, much less 
announced, without a thorough and complete clinical study, which should 
occupy sufficient time to permit the physician to become well acquainted 
personally with his patient. In this particular type of case, the “‘clinic”’ 
method of study, in which the patient is divided up into bits and dis- 
tributed among the number of examiners and receives his report from 
someone who has assembled the data on paper, is inadequate. No two 
patients react alike psychically to any situation. Each individual 
presents a different problem, not only in the diagnosis itself, but in the 
presentation of this diagnosis. There are all gradations from the one 
who goes instantly into a panic at the mere mention of the word “tuber- 
culosis,”’ or the one who disbelieves it and fights against hearing it, to 
the one who is indifferent to it and cannot be persuaded to take any sort 
of care of himself. 

2: The physician treating the low-grade case of tuberculosis is neither 
an operator nor a dispenser of physic, but a teacher. He is not treating 


if 
if 
al 
if 
+74 
it; 
| 
| 
| 
| 
| 
‘ 


232 MILES J. BREUER 


a patient as much as he is training a pupil. In order that the training 
may be correctly begun, a proper foundation must be laid.’ If a wrong 
start is made, further efforts will be anything from inefficient to futile. 

3: The patient must be given a thorough understanding of the whole 
matter of tuberculosis before he is told that he has it or how much he has. 
It may require an hour’s talk at the end of the examination to present 
the matter to him in a safe and adequate way. In substance, the patient 
must grasp the following points: 

a: The universal tuberculization of civilized populations; 

b: The dependence of immunity upon this tuberculization; the fate 
of nontuberculized individuals upon contact with civilized communities. 

c: The relativity of his own infection; the distinction between tuber- 
culous infection and tuberculous disease; the fact that there is no abso- 
lute dividing line between the two. 

d: The precipitating causes of clinical disease: 

Infection too frequently or with too large doses; 
“Lowered resistance:” 
Increased sensitization (high degree of allergy); 
Massive inoculation; 
Breaking down of encapsulated foci by 
Miscellaneous infections, especially those of the upper respir- 
atory tract; 
The physical reaction to increased exertion 
Decrease in the body’s ability to maintain an intact capsule 
about old lesions: 
Defective nutritional factors; 
Severe infections; 
Debilitating constitutional disease; 
Excessive living stress. 

e: The clinical curability of certain types of disease. 

f: The fact that tuberculous disease is an expression of maladjust- 
ment between the individual and his environment; the need of discover- 
ing the nature of this maladjustment and relieving it. The possibility 
of a useful and happy life under considerable handicap. 

g: The powerful influence of psychic factors on physical states; the 
need of striving for a constructive mental attitude, with promise of 
further instruction in technique for achieving it. 

h: The difference between the modern significance of the word 
tuberculosis to the well-trained, up-to-date medical man, and to the 
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layman. The layman’s conception corresponds with that of the medical 
man of fifty years ago. The difference between consumption and tuber- 
culosis; the danger of using words and the need of pathological concep- 
tions in their place. The nature of low-grade lesions. This should be 
illustrated by X-ray films and text-book pictures of pathological speci- 
mens. It is a mistake to consider the pathology of the disease as some 
esoteric mystery reserved for the initiated only. The patient must 
understand it or his treatment may fail. 

The greatest opportunity for progress is in the field of the low-grade 
tuberculous pulmonary lesion. In ihis type of case, if the patient re- 
ceives a timely and competent diagnosis and rational treatment, the 
most satisfactory and brilliant results may be obtained. Just at the 
present time, statistics are common on the tremendous prevalence of 
this type of case among the population. Several years ago the writer 
published an analysis showing that 14 per cent of all cases presenting 
themselves with all complaints in a private general practice were diagno- 
sable as low-grade tuberculosis. 

The first great reduction in the mortality rate of tuberculosis occurred 
in the second third of the last century when the general living standard 
of the masses began to go up, and general hygiene and sanitation for 
every individual was improved. At the present time, figures are coming 
in from many directions suggesting an increase in the mortality rate from 
tuberculosis. The most appreciable reduction in the mortality rate 
must come from the widespread recognition and correct treatment of 
low-grade, so-called “early” case. It is thus far indeed questionable 
whether all of the refinements recently introduced into the treatment of 
advanced cases by surgical methods have any effect at all in reducing 
the mortality rate. 

Clinical cure in the low-grade case depends on whether or not the 
patient can be made to understand his condition rationally; to take it 
seriously enough to subject himself to adequate discipline, and yet not 
assume a panicky attitude. Therefore, the primary requirement is that 
the physician himself have the calm confidence in the prognosis before 
he can imbue his patient with it. There is an accurate, though uncon- 
scious, transference of the physician’s mood to the patient. If the 
medical man himself has a tuberculophobia even though all his data 
inform his reason that the disease is present; if he pulls teeth and removes 
appendices, and makes other vague gestures because he still has an 
archaic conception of tuberculosis, his cases will go on to the advanced 
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stage, and the mounting death-rate of the present day will come to an 
astonishing climax in the next two decades when the present lesions have 
had time to develop. The following case illustrates this point: 


CG. D. was employed by an industrial corporation. He was under observation 
as a private patient for two years, with rise in temperature, early fatigue, and 
a slight, occasional, dry reflex cough which he himself did not notice; but princi- 
pally with annoying gastrointestinal symptoms, pains, distress, flatulence, 
vague, scattered, changing in location, not depending on diet or meal-time, but 
on physical capacity, that is, when he rested for several days he was free from 
these pains; but after overwork, or after a cold, or as a result of psychic stress, 
he suffered a great deal. He was employed in a furnace-room and did not make 
much progress under treatment. The corporation had light, outdoor jobs at 
which the patient might have done well, and the request was made through the 
corporation physician that the patient be transferred to one of these. The 
corporation physician shied at the word “tuberculosis;” he requested a consul- 
tation with a third physician and an elaborate examination was made. The 
existence of tuberculosis was denied. The patient was ordered to have teeth 
out and perfectly harmless tags of lymphoid tissue removed from his throat, 
which had recurred after a tonsillectomy ten years before, and he was given 
prostatic massages. He was compelled to undergo these things or lose his 
position with the corporation. To-day, after three more years in the furnace- 
room, he is back with tubercle bacilli in his sputum, and an X-ray shadow that 
the passerby in the street can recognize as tuberculosis. He has many years of 
struggle ahead of him, which might have been avoided by a little clear vision 
three years ago. 


The patient is ii: danger on two counts from an inadequate philosophi- 
cal comprehension of tuberculosis on the part of the physician. The 
first violation of this philosophical comprehension is the idea that pul- 
monary tuberculosis cannot exist unless there is massive pathological 
involvement detectable in the lung by physical signs or X-rays. This 
is not the place to discuss pathology or diagnosis, except to repeat that 
there are many cases of tuberculosis in which symptoms, physical find- 
ings, and X-ray findings do not topographically call attention to the 
chest. Patients of this type are frequently subjected to all sorts of 
medical and surgical indignities. If such treatment involves rest and 
nutrition, the patient may improve in spite of the lack of understanding 
of the problem. But many of these cases go on to massive involvement, 
and later present themselves to the phthisiologist in stages in which their 
prognosis is not cheerful. 
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The second danger to the patient is from too enthusiastic a recognition 
of the tuberculous nature of a low-grade lesion, an incautious presenta- 
tion, and inaccurately adapted treatment. For instance, there is no 
principle in the treatment of tuberculosis that demands that every 
patient be routinely put to bed. Many cases demand this; others may 
be so demoralized by it that it retards instead of promoting their prog- 
ress. The amount and kind of rest needed is relative among different 
cases, and must be determined by shrewd guessing and empirical con- 
firmation. There are cases that must be got upon their feet as rapidly 
as possible because they cannot do without the encouragement and con- 
fidence thus acquired. There is nothing more inclined to remove more 
completely a person’s will to live than for him to be made to feel that 
he is totally useless and a burden on others for an indefinite time into 
the future. A will to live has, in this type of case, more to do with the 
recovery, than many scientific refinements in therapy. 

On the same principle, the patient must be taught as rapidly as pos- 
sible to understand and manage his own treatment, and must be weaned 
from subjection to medical care as soon as it is safe. Dependence is 
psychologically a childhood state, and adjustment in this world is possible 
only on an adult basis. The patient must learn to be his own doctor 
and to break the ties with his physician early. “Observation” is a much 
better word psychologically than “treatment” for these people, for the 
purpose of bringing them back from time to time for things that they 
cannot do for themselves. “Examinations” do them more good than 
“treatments.” 

In spite of all efforts to avoid and prevent neuroses, these occasionally 
occur, nevertheless, on the basis of the diagnosis and the treatment of 
tuberculosis. One must be constantly on the lookout for them. In the 
types with neuropathic family histories or constitutional tendencies to 
emotional maladjustments, an especially sharp guard must be kept. 
The neurosis is like the tuberculosis in the respect that early recognition 
and prompt institution of remedial measures are infinitely more useful 
than all the skilled and learned handling of advanced cases. As I have 
stated repeatedly elsewhere, the treatment of the “early” and low-grade 
case of tuberculosis is, more than anything else, psychotherapy. 
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TUBERCULOUS PNEUMOTHORAX IN INFANCY! 
JOSEPH GREENGARD anp IRVING R. ABRAMS 


Spontaneous pneumothorax in infancy and early childhood is relatively 
uncommon, and instances based on tuberculosis of the lung are quite rare. 
This is in direct contrast to the situation observed in adult life, in which 
80-90 per cent of all cases of spontaneous pneumothorax are of tubercu- 
lous origin. From a pathogenic standpoint there are several reasons for 
this difference in age-incidence. In tuberculosis, pneumothorax is most 
commonly produced by rupture of a subpleural cavity through the vis- 
ceral pleura. In early infancy cavitation in the lung is relatively un- 
common, since pulmonary involvement at this age is in the nature of a 
primary infection. Such a primary infection has a strong tendency to a 
productive type of inflammatory reaction with healing. In those cases in 
which rapid progression of the primary infection occurs with liquefaction, 
rapid progression in the regional lymph nodes is also the rule, and early 
generalization by the haematogenous route rapidly supervenes, with the 
picture of a diffuse miliary tuberculosis and with meningeal involvement 
in a large percentage of cases. Under such circumstances death occurs 
from generalization before the ulcerative process in the lung advances 
sufficiently to produce a pneumothorax by rupture. In addition, in 
childhood tuberculosis there is a marked tendency to the development 
of pleural involvement, which undoubtedly occurs to a considerable 
extent as part of a perifocal inflammatory reaction under hyperergic 
conditions. For this reason obliterative pleural changes are very com- 
mon at this age. Should such a child develop an adult type of lesion 
later in childhood, with cavity-formation, progression of the lesion with 
invasion of the pleura would not ordinarily result in a pneumothorax 
since the free pleural cavity has been obliterated. In addition, the adult 
type of tuberculosis in childhood is not common. 

In contrast to this, nontuberculous types of spontaneous pneumo- 
thorax are more common in early childhood. This is dependent to a 
considerable extent upon the disposition of this age-group to the incidence 


1 From the Cook County Children’s Hospital and the Department of Pediatrics, Uni- 
versity of Illinois, Chicago, Illinois. 
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of acute infections associated with severe cough, such as pertussis, influ- 
enza and grippal infections, measles, and the like. In the genesis of 
such cases the formation of small emphysematous vesicles, which later 
rupture and give rise to pneumothorax, is of importance, particularly 
when pleural adhesions are associated and produce a severe pull at certain 
areas. The occurrence of multiple pulmonary abscesses, with rupture 
and subsequent pyopneumothorax, postpneumonic empyema with 
pneumothorax, and congenital defects of the lung, all contribute to the 
increased incidence of nontuberculous types in the young individual. 


REVIEW OF THE LITERATURE 


Pneumothorax has been known to exist for many years, even as far back as 
Hippocrates (1). Modern literature, however, usually begins with Itard (2), 
who reported 5 cases of pneumothorax in adults and stated that tuberculosis 
may be a cause. His observations were made at autopsy. Laennec (3) was 
the first to describe the recognition of this pathological change during life by 
the use of his newly devised stethescope. In 1804 Bell (4) discussed the rela- 
tionship of coughing, laughing, crying and ulceration in the lung to the pro- 
duction of pneumothorax. A little later (1826) Devilliers (5) reported the 
first case of spontaneous pneumothorax due to emphysema, and in 1829 
Marechal (6) reported the first case of spontaneous pneumothorax in a child. 

Discussions of spontaneous pneumothorax in pediatrics texts are very brief. 
Griffith (7) states that pneumothorax is rare in early life, but is sometimes 
found after pneumonia, whooping-cough, measles, diphtheria, empyema, 
emphysema, or abscess of the lung. He states that pyopneumothorax develops 
in most cases. G. A. Sutherland (8), in Garrod, Batten, Thursfield and Patter- 
son, states that pulmonary affections leading to destruction of tissue may at 
any time be complicated by pneumothorax when the area of softening involves 
the pleura. Among these diseases the commonest are tuberculosis, pneumonia, 
abscess of the lung, and infarct of the lung. Pfaundler and Schlossmann (9) 
state that pneumothorax is of little special interest in children except in its 
mode of origin. It is less common than in adults and occurs more frequently 
independently of tuberculosis. Others (Goodhart and Still (10), Diven (11) 
in Abt’s System of Pediatrics, Holt and Howland (12), Ashby and Wright (13), 
Chapin and Pisek (14), Fischer (15), and Rotch (16)) briefly mention the 
subject. 

Comprehensive reviews of the literature have appeared from time to time, 
such as the excellent monograph of Emerson (17) published in 1903. Huber 
and Hirsch (18) collected the cases reported up to 1910 and Stoloff (19) re- 
viewed the cases of nontuberculous origin in infancy and childhood up to 1928. 
Scott (20) compiled the literature of all types of spontaneous pneumothorax in 
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children presented as a statistical report in 1928. He collected 177 cases of 
which tuberculosis was the causative factor in fifty-one. In 1932 McEnery 
(21) reported 22 cases of spontaneous pneumothorax in children due to pneu- 
monia. In addition, many single case-reports have appeared in the literature, 
most of which deal with instances of spontaneous pneumothorax of nontubercu- 
lous origin in early life. (Moncrieff (22), Langstein and Yllpo (23), Benjamin 
(24), Wiener (25), Bovaird (26), Schonfeldt (27), Mouriquand, e¢ al. (28), 
Schoenstein (29), Sior (30), Katzman (31), and others.) In general, the inci- 
dence of a tuberculous aetiology in spontaneous pneumothorax in early life 
comprises about 30-40 per cent of all cases. 

In contrast to this, numerous cases of spontaneous pneumothorax during 
adult life have been reported. Biach (32) in 1880 collected 918 cases, of which 
715 were of tuberculous origin, 65 due to pulmonary gangrene and 45 to 
empyema. West (33) analyzed 101 cases from the records of the City of Lon- 
don Hospital, of which only 2 were of nontuberculous origin. Hamman (34), 
in a good review of nontuberculous cases of pneumothorax in adults, reported 
five such cases, which were characterized by mild symptoms and a benign 
course. In general, however, a tuberculous aetiology is responsible for 80-90 
per cent of the cases during adult life. The special feature of spontaneous 
pneumothorax in early life, therefore, is the marked preponderance of cases 
of nontuberculous origin, which is in direct contrast to the condition which 
occurs in adult life. 

Case Reports 


Case 1: T. R., aged 20 months, colored male, entered the hospital March 28, 
1932, with history of cough, irritability, and loss of appetite of one-month dura- 
tion. The father had tuberculosis. On entrance, physical examination of 
chest was negative, but an intracutaneous reaction with 0.1 mgm. Old Tuber- 
culin was positive. X-ray showed a large mass of hilum lymph nodes at the 
left lower mediastinal border and small nodular lesions scattered throughout 
both lung fields (figure 1). The temperature ranged from 99° to 103°, cough 
was troublesome, appetite poor, and the child failed to gain weight. After he 
had been in the ward for a month, it was noted on a routine physical examina- 
tion that there was marked suppression of breath-sounds over the entire left 
chest, with tympanitic percussion note over the left lower lobe. The right 
upper lung field was dull, and over the right lower lung a hyperresonant note 
was obtained, associated with tubular breath-sounds and showers of small 
moist rales. Subjectively there was no appreciable change in the child’s con- 
dition, and no dyspnoea, undue restlessness or evidence of circulatory failure. 
X-ray examination revealed an extensive pneumothorax involving the left 
chest with marked displacement of the mediastinum to the right (figure 2). 
Small nodular lesions were noted in the right lower lobe. The chest was not 
punctured, and the air was gradually resorbed (figure 3), but evidence of 
generalization became manifest, and death occurred June 2, 1932. 


Fic. 1 Fic. 2 Fic. 3 
Fic. 1. Case 1. March 29, 1932. Showing a mass of peribronchial lymph nodes to the left of the cardiac shadow and scattered nodular lesions throughout both 
lung fields. 
Fic. 2. Case 1. May 9, 1932. There is almost complete pneumothorax on the left, with marked displacement of the mediastinal contents. 
Fic. 3. Case 1. May 27,1932. There is still almost complete collapse on the left. The right lung field is studded with small nodular areas. 
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Case 2: D. McR.., colored female, aged 9 months, admitted to the infants’ ward 
February 12, 1932, with history of cough, fever, loss of weight and appetite, 
and drowsiness of 2 months’ duration. There was no history of exposure to 
tuberculosis. The child had been breast-fed up to 8 months of age. On 
entrance, dulness with diminished breath-sounds and moist rales were found 
over the right lower lobe. X-ray, February 13 (Dr. Warfield), revealed ‘“‘almost 
complete collapse of the right lung.” On February 19, 1932, a plate in the 
sitting position showed “‘complete collapse of the right lung with a moderate 
amount of fluid in the pleural cavity.” A diagnosis of postpneumonic em- 
pyema with pneumothorax was made. The chest was aspirated, and a very 
thick purulent material was obtained, which on direct smear showed numerous 
acid-fast rods. Stomach-washings at this time also revealed tubercle bacilli. 
The diagnosis was therefore changed to tuberculous infection in an infant 
with tuberculous pyopneumothorax. Tuberculin reactions, both cutaneous 
and intracutaneous, were consistently negative. The child continued to run 
a septic course and was very uncomfortable. Repeated X-rays revealed two 
large localized areas of decreased density, one over the right lower chest and a 
second over the upper lobe. These were thought to be separated localized 
accumulations of air in the pleural cavity. The lower area gradually disap- 
peared, until shortly before death only the single large area over the upper 
lobe was present. Death occurred on February 29, 1932. At autopsy the 
right pleural cavity was covered with fibrinous deposits, and there was about 
30 cc. of free fluid in the left pleural cavity. The right upper lobe was almost 
entirely replaced by a cavity, which contained a dirty liquid material and was 
lined by a red-gray dirty membrane on which were discrete and confluent 
tubercles. The right lower lobe was softened and consolidated by a gelatinous 
material. The entire left lung revealed discrete and confluent patches of 
caseous consolidation and confluent acinose-nodose lesions. The tracheo- 
bronchial and mesenteric lymph nodes were enlarged and caseated. The 
spleen was studded with caseous nodules. In the ileum near the caecum was 
a caseous plaque, from which a chain of caseated enlarged lymph nodes took 
their course. 


It is evident from the clinical and pathological findings in case 2 that 
a rapidly destructive lesion in the right upper lobe made its appearance 
as a result of a primary tuberculous infection. This lesion involved the 
pleura, and resulted in spontaneous pneumothorax. In the X-ray film 
the upper accumulation of air was the area of cavitation in the right 
upper lobe, and the lower gas-bubble represented free air in the pleural 
cavity. 


TUBERCULOUS PNEUMOTHORAX IN INFANCY 


COMMENT 


In the adult the frequency of pneumothorax in the course of pulmonary 
tuberculosis is given as about 3 per cent by Fishberg (35), who states 
that it is the most common cause of sudden death in tuberculosis. West 
estimates the incidence in tuberculous disease at 5 per cent in adults. 
In infancy such instances are undoubtedly very rare. Both infants 
reported here revealed evidences of pneumothorax only upon routine 
physical or roentgen examination. The sudden onset, with severe pain, 
marked dyspnoea, cyanosis, rapid thready pulse, and collapse were not 
observed in these infants, in spite of the fact that in one case there was 
marked displacement of the mediastinum. 

The difference in symptomatology, as evidenced by young children, 
may be explained in part at least by anatomical differences in the thorax. 
During infancy the thoracic cavity differs from that of the adult in that 
the transverse and anteroposterior diameters tend to be more or less 
equal. In addition, the costophrenic sinus is not invaded by the lower 
lung margin to any great extent until later childhood (36). The thoracic 
wall also is much more flexible during infancy than later in adult life, 
when ossification of the cartilaginous structures begins to appear. Under 
these circumstances it seems reasonable to suppose that the infant’s chest 
may be capable of accomodating large pleural effusions, whether of air or 
fluid, with less circulatory embarrassment than the adult. 

In this regard, of course, the type of pneumothorax dealt with is of 
considerable importance. In the valvular type of pneumothorax, with 
constantly mounting intrapleural pressure, the degree of distress is dis- 
tinctly greater than in the closed or in the communicating type. In 
both of these infants, the free air in the pleural cavity was resorbed quite 
rapidly and had almost entirely disappeared by the time the disease 
terminated. 

With regard to physical signs, little need be said, except to mention 
the fact that during infancy physical signs of effusion into the pleural 
cavity, whether of air or fluid, are somewhat misleading, because of the 
fact that breath-sounds are commonly of definitely tubular quality but 
are always characterized by the fact that they are distinctly distant. 
Rales may even be heard on the affected side through a fairly large effu- 
sion. The remaining physical signs are familiar and require no comment. 

The prognosis of tuberculous pneumothorax in general is not good. 
In infancy, it may be said that the incidence of a spontaneous pneumo- 
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thorax in the course of a tuberculous infection is very ominous. Scott’s 
collected cases included 7 of tuberculous pneumothorax under 2 years 
of age. Of these five died, one recovered, and in one the termination 
was unknown. The underlying pathological condition, permitting the 
occurrence of pneumothorax of this type, is a rapidly progressing ulcera- 
tive lesion, which reaches the visceral pleura so quickly that productive 
changes with pleural thickening and obliteration have no time to appear. 
Such a rapidly necrotic reaction in the course of a primary infection occurs 
only in the presence of massive infections with microérganisms of high 
virulence and in individuals with low resistance. The local caseous 
process is accompanied by similar rapidly necrotic lesions in the regional 
lymph nodes, and massive invasions of the blood-stream with marked 
generalization phenomena make their appearance. Death from tuber- 
culous meningitis is a common termination under these circumstances. 


SUMMARY 


Two cases of tuberculous pneumothorax in infancy are recorded. 
Such a pathological condition is rare in this age-group, since rapidly 
progressive tuberculous lesions in the lung in the nature of a primary 
infection tend to be complicated by marked early generalization by the 
blood-stream and termination with the syndrome of a generalized miliary 
tuberculosis. The symptomatology manifested by these two infants 
differed from that commonly observed in adults, in whom an abrupt onset 
with evidence of acute circulatory embarrassment and collapse are the 
rule. In these cases observed, the onset was insidious, and the presence 
of air in the pleural space was found on routine physical and X-ray 
examination. From a prognostic point of view tuberculous pneumo- 
thorax in infancy is to be looked upon as a manifestation of a malignant 
type of infection. This is in direct contrast with the more common 
instances of nontuberculous pneumothorax, many of which are benign. 
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A STUDY OF CHILDHOOD TUBERCULOSIS IN DETROIT: 
A Preliminary Report 


J. A. JOHNSTON anp HENRY D. CHADWICK 


This study was undertaken in 1929 with the object of following inten- 
sively over a period of ten years a group of children who reacted to tu- 
berculin in order to throw some light on the relationship of the childhood 
infection to the adult type of the disease. The opportunity was con- 
sidered unique in that most of the children thus followed were wards of 
the St. Vincent de Paul Society and had thus been removed from their 
presumed source of infection. 

As a part of the therapy incidental to the study, a summer camp is 
operated to which are sent those reactors who, during the year, have 
failed to show satisfactory progress. 

The number of children studied is now sufficiently large to warrant 
placing on record a preliminary report of the incidence of reactors in a 
large industrial centre. 

The children tested differ from many of the groups reported in that (1) 
they were not brought to a clinic because of illness but were merely 
being routinely examined on their admission to a foster-home agency; 
(2) the economic status was low; and (3) they are all white. 

All of the children are visited once a month in their homes, and each 
child is brought in to the hospital twice a year for general examination. 
Once a year each child has a roentgenogram of the chest and is retested 
with tuberculin. With each repeated test a measurement of sensitivity 
is made, by the use of quantitative tuberculins, of the shifting in the 
threshold of allergy, but it will, of course, be many years before the 
results of this can be evaluated. 

It has seemed to us that the use of 0.1 mgm. of Old Tuberculin intra- 
cutaneously represented a sufficiently strong test to detect all but a 
very few reactors (Leigh (11), McCain (12), Doolittle (13), et al.) and 


1 Conducted for the Society of St. Vincent de Paul under the auspices of the Children’s 
Fund of Michigan and the Henry Ford Hospital, Detroit, Michigan. 
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at the same time reduce to a minimum the possibility of unduly severe 
reactions. The results of the reactions are recorded in a table and are 
likewise plotted for comparison against several other reported series. 
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A ge-distribution of cases studied to October 31, 1931 


NUMBER | NUMBER OF |. pcenTAGE NUMBER PERCENTAGE 


ace TESTED REACTORS TESTED 


years 
0-1 168 3 ; 193 18.1 
1-2 146 11 ; 22.4 
2-3 147 6 15.3 
34 157 12 : 16.7 
4-5 146 21 J 28.3 
5-6 165 22 16.7 
6-7 182 23 , 32.0 
7-8 193 31 : 37.0 
152 26 


Average of reactors, birth to 5 years 7.7 per cent 
Average of reactors, 5 to 15 years 17.9 per cent 
Average of entire group 14.3 per cent 


Our own figures are quite comparable with those already reported from 
Detroit by Brachman (14), ours being slightly lower, due, we think, to 
the absence of the colored group, and the inclusion of younger age-groups. 
Actually the various series are not strictly comparable, because in most 
instances the Pirquet test was used, which is very definitely less sensitive 
than 0.1 mgm. intracutaneously; it is approximately equivalent to an 
intracutaneous of a strength of 0.01 mgm. (Pope (15)). Furthermore, 
some of the series plotted represent selected groups, in which the incidence 
might be expected to be much higher, children having been brought to 
the hospital clinics because of illness. 

It is of interest to note, however, that, of the series compared in chart 
1, of the two showing the highest percentage of reactors one (Philadel- 
phia) was obtained with the Mantoux test and the other (Vienna) with 
the Pirquet test; also, the same condition obtained with the two showing 
the lowest percentage of reactors, the Mantoux being used in the Detroit 
series and the Pirquet in rural Minnesota. 

It is evident, therefore, that the marked variation in the percentage 
of reactors reported by different investigators cannot be ascribed to the 
method used in making the test. We must concede that the amount of 
infection varies widely in different localities. This was clearly shown in 
the Massachusetts study (3), where, in a city of 60,000 population the 
different school-districts were found to vary in the number of reactors 
from 16 to 60 per cent. It was also found in the Massachusetts survey 
that, when as many as 10,000 children were tested and the results com- 
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pared with a like number of tests, regardless of the section of the state in 
which they were made, the percentages of reactors were practically the 
same in each group. All inequalities due to influences that are local in 
character are smoothed out when large numbers are studied or large 
areas covered. Therefore, one cannot accurately judge the amount of 
tuberculous infection in a city by testing a sample group and generalize 
on the results. Only when many thousands are studied can we learn the 
true incidence of infection in the community as a whole. 

Another factor may contribute to the relatively lower incidence of re- 
actors in the Detroit group, namely, the milk supply. Less than 0.5 
per cent of the cows in Michigan react to the tuberculin test, and over 
99 per cent of the milk sold in Detroit is pasteurized. While our knowl- 
edge of the relationship between the bovine tubercle bacillus and human 
infection is derived from very few data (Park and Krumweide (16), 
Wang (17), Winslow and Gray (18)), there would seem to be little doubt 
about the relationship between tuberculin sensitiveness and bovine in- 
fection. Withington (19) has a small but, it seems to us, very worth- 
while study in a comparison of two adjacent towns in Massachusetts, 
Milton and Canton. The source of the milk-supply in the children 
studied was very definitely known in both towns; the incidence of reac- 
tion increased seven times with the drinking of raw milk. Korns (20) 
concluded that his low figures were likewise related to the milk-supply. 
In the report of the Bureau of Animal Industry in September, 1931, 
only 4 states are reported as having 100 per cent of their counties “‘modi- 
fied accredited ;”’ these are Maine, Michigan, Indiana and North Carolina; 
the District of Columbia likewise belongs to this group. The North 
Carolina figures show an incidence in school-children of 24.3 per cent, 
but here again the inclusion of the colored group makes the figure high. 
In Detroit the death-rate from tuberculosis is more than 6 times as high 
in the colored as in the white group. The rate for whites is 52, and for 
the colored 335. 

There is a history of exposure to human cases in 55 per cent in our own 
series; this is very high when it is remembered that we fail to get any 
history on about 30 per cent of these children, they having become society 
charges through the Juvenile Court, in many cases, because of desertion 
of the parents. 

Practically all of the children are American-born, of parents from 
seventeen European nationalities, over 50 per cent being Polish. Four 
per cent are from Mexican parents. There are no Negroes. 
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A total of 880 X-rays have been taken. For uniformity in interpreta- 
tion the plates have been viewed by several of us, the final decision being 
made by Chadwick. We have accepted the presence of calcium in 
hilum nodes or in the parenchyma as definite evidence of tuberculosis. 


54 per cent of the reactors had negative plates. 
31 per cent of the reactors had positive plates. 
14 per cent of the reactors had suspicious plates. 


This means that 4.4 per cent of the total group of 2,503 children examined 
have both a positive roentgenogram and skin reaction, and an additional 


EXTENT OF BOVINE TUBERCULOSIS 
IN THE UNITED STATES JULY |, 1931 


BUREAU OF ANIMAL INDUSTRY 


CHART 2 


2 per cent have X-ray films that are suspicious. A more detailed dis- 
cussion of the roentgen changes is deferred until a greater period of time 


has elapsed. 

Two children developed adult-type tuberculosis while under observa- 
tion. Apical cavitation appeared in one child, but she is now making 
excellent progress in the sanatorium. The second child died at the age 
of sixteen, with a miliary process, one year after discharge from a sana- 
torium, where she had been under treatment for tuberculous cervical 
lymph nodes and a tuberculous knee. A positive skin reaction to tu- 
berculin was elicited in her at the age of eight. 
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CONCLUSIONS 


1. The incidence of reaction to 0.1 mgm. of tubercuiin intracutaneously 
in 2,500 white children in Detroit from birth to fifteen years is 14.3 per 
cent; of children in the age-group five to fifteen years it is 17.9 per cent. 

2. The incidence of both a positive skin test and roentgenogram is 
4.4 per cent. 

3. During the first four years of the study two adult-type cases have 
developed out of 359 reactezs, and both of them had been diagnosed 
previously as having the childhood type of tuberculosis. 
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TUBERCULOSIS IN CHILDREN 
Case-Finding Methods and Results in Cattaraugus County, New York! 
JOHN H. KORNS 


When the Bureau of Tuberculosis of the Cattaraugus County Depart- 
ment of Health was organized in 1923 it was known that the county 
mortality from tuberculosis for both adults and children was low. Dur- 
ing the succeeding nine years the death-rate from tuberculosis, all ages, 
has dropped more than 50 per cent, from 71.2? per cent in 1923 to 34.4 in 
1931, and the death-rate among children has been consistently below 
that of the rest of up-state New York. 

During this period tuberculosis workers have become interested in 
perfecting means for discovering the disease in children and preventing 
the development of serious childhood or adult lesions. It is hoped, 
therefore, that a brief review and appraisal of this Bureau’s methods and 
findings may prove suggestive to other tuberculosis workers and health- 
officers, particularly those working in rural communities. 

Cattaraugus county has a population of 72,5273 in an area of 1,343 
square miles, or 54 persons to the square mile. There are two cities con- 
taining together about 32,000, the remaining 40,000 being widely scat- 
tered in small villages or on farms. 

The county as a whole is quite hilly, and many of the rural children 
attend schools located along unimproved roads. There would seem to 
be no good a priori reason for assuming that methods of case-finding 
among children which are satisfactory in areas of congested population 
will prove economical and efficient in a sparsely settled district where 
tuberculosis among children appears to be only a minor problem. If 
the annual influx of new residents from the outside is very small, as is 
the case in this county, this should be taken nto consideration. 


1 From the Cattaraugus County Department of Health and the Division of Public Health 
Activities of the Milbank Memorial Fund. 

? The rate for both years excludes nonresidents dying in the Buffalo Municipal Sanatorium, 
located in Cattaraugus County at Perrysburg, but includes Indians resident within the 
County. Excluding Indians, the rate for Whites in 1923 was 68.3, and in 1931, 30.8. 

* Population, as of July 1, 1931, based upon the Federa! Censuses of 1920 and 1930. 
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CLINIC EXAMINATION OF CONTACTS 


The plan of the Bureau has been to isolate, whenever possible, all 
tuberculosis cases known to be sputum-positive and to examine house- 
hold contacts, especially juvenile, of all diagnosed cases, recent and more 
remote, the examination to include tuberculin-testing and, where indi- 
cated, X-raying of the chest. This plan has met with a fair measure of 
codéperation on the part of the families and their physicians. Evidence 
of this is that, during the second half of the nine-year period under dis- 
cussion, 85 per cent of all known household contacts have been examined 
at least once. Experience has confirmed the early impression that this 
way of attempting to find tuberculosis among children in this county is 
logical and worth while. 

The above plan naturally involves a scheme for discovering adult 
cases also. Often this amounts to little more than establishing or con- 
firming the diagnosis of a suspected case referred by the private physi- 
cian. For this combined purpose clinics have been conducted at stated 
intervals throughout the county by a clinician, assisted by public-health 
nurses. A portable X-ray machine has been available. In these clinics 
there have been examined not only tuberculosis contacts and suspects, 
but others referred by their physicians, by the school medical service, 
by public-welfare workers or by public-health nurses, although the 
nurses are careful not to oppose the wishes of the family physician, if 
there be one. These clinics have been supplemented by a consultation 
service, thus making X-ray examinations possible in most of the patients’ 
homes. 

When the Bureau of Tuberculosis finds or hears of a new case of tuber- 
culosis, whether reported to the State or not, the patient’s physician is 
informed, usually by letter: (1) that sanatorium care is available for the 
the patient if desired; (2) that one of the county nurses will be glad to 
assist him in home prophylaxis and care and will call on him to learn his 
wishes in the matter; (3) that the Bureau wishes to make certain that 
household contacts are examined in order to determine the presence or 
absence of other tuberculous infection and disease in the home and that, 
unless the physician is prepared to do this, the Bureau Diagnostic Clinic 
will assume the responsibility for this examination. 

In the Clinic the understanding is that the patients in attendance are 
still the patients of the family physician and not of the clinic, which is 
primarily for diagnosis, not treatment. Written reports of all clinic 
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and laboratory findings are mailed promptly to the family physician, to 
whom the patients are told to apply for information and advice. Recom- 
mendations, when indicated, for institutional care or for reéxamination 
in clinic, are included, the way being thus kept open for further contact 
with the household. 

It is assumed in clinic that all household contacts with cases having a 
positive sputum have been infected, and tuberculin-testing usually 


TABLE 1 
Tuberculin tests on clinic children 


KNOWN EXPOSURE TO NO KNOWN EXPOSURE TO BOTH GROUPS 
TUBERCLE BACILLI IN HOME | TUBERCLE BACILLI IN HOME 


Number Number Number Number Number Number 
tested positive tested positive tested positive 


1 
2 
3 
4 
5 
6 
7 
8 
9 


oo 


69.0 ‘ 18.4 


shows this to be the case. All children in such households are X-rayed 
at the first examination without waiting for the result of the skin test. 
Subsequent annual X-rays are made of those children who show evidence 
by X-ray of a childhood type of tuberculosis, as weil as of those who are 
merely reactors. If the single flat and oblique films taken with the 
portable apparatus are not satisfactory for diagnosis, stereoscopic films 
are urged. All the examinations, tests and X-rays are without expense 
to the individual. 


| 
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} 
6 28 1 34 2 
8 -4 49 7 
14 51 8 65 19 | 
6 42 5 48 6 
6 74 6 80 11 | 
16 116 10 132 23 
7 123 12 130 19 | 
9 133 13 142 21 
16 136 16 152 30 
10 10 146 25 156 31 | 
11 6 150 17 156 20 
12 9 121 23 130 29 | 
13 12 74 14 86 24 
14 10 67 14 77 19 
15 7 60 15 67 18 i 
142 1,362 181 1,504 279 
Percentage posi- 
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In the above clinics, during the years 1928 to 1931 inclusive, 1,504 
children under sixteen years of age were tuberculin-tested, with results 
shown in table 1. 


EXAMINATION OF APPARENTLY HEALTHY SCHOOL-CHILDREN 


The above program of examining contacts, and other children referred 
to clinic, has been supplemented by the tuberculin-testing of apparently 
healthy school-children in some sections of the county. Most statistics 
on tuberculin testing have been collected in cities, so it seemed wise to 
survey rural and small village schools for some basic data for a rural 
section. Fortunately, the assistance needed for this work was gener- 
ously provided by the Milbank Memorial Fund. Since the details of 
this survey are recorded elsewhere,‘ only a few salient points need be 
mentioned here. 

Parental consent was required for the tuberculin test; otherwise no 
selection was made. The tuberculin used in the school tests and clinics 
was Old Tuberculin, standardized by both the New York State Division 
of Laboratories and Research and the Henry Phipps Institute, and it was 
always diluted on the day tests were given. 

Tests in the schools were given and read after 48 hours by a specially 
trained nurse, while tests in clinic were given by the clinician and read by 
the public-health nurses. Mere redness without oedema was not inter- 
preted as a positive reaction. In the schools a milligram of tuberculin 
was given to those not reacting to smaller doses, whereas in the clinic 
0.1 mgm. was routinely given. Experience showed that by giving a full 
milligram about a tenth more of mild reactors were found, but that this 
additional 10 per cent practically never showed X-ray evidence of dis- 
ease. Indian children, of whom there were a considerable number, are 
excluded from the statistics given below. 


1: Village and rural schools 


About 100 village and rural schools were entered and 1,308 children, 
representing 30 per cent of the enrollment in the village and 43 per cent 
in the rural schools, were tested, with results shown in table 2. 


2: Salamanca schools 


Salamanca, a city of more than 9,000, has had more than its propor- 
tion of deaths from tuberculosis among adolescents during the past four 


* Toe AMERICAN REVIEW OF TUBERCULOSIS, 1931, xxiv, 532. 
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years. Hence it was thought important that the school-children be 
tuberculin-tested. Table 3 shows the results of these tests, which were 


TABLE 2 
Tuberculin tests on rural and village school-children 


NUMBER TESTED NUMBER POSITIVE 


51 
111 
105 
116 
128 


125 
129 
133 
107 

86 


88 
62 
32 
17 
18 


1,308 


TABLE 3 
Tuberculin tests on Salamanca school-children 


NUMBER TESTED NUMBER POSITIVE PER CENT POSITIVE 


29 
30 
35 
52 


made on 30 per cent of those enrolled in the public schools between the 
age of 10 and 19 inclusive. 


hig 
a 
: 
| AGE PER CENT POSITIVE 
5 0 | 
6 6 
7 7 6.1 
8 9 i 
11 
10 
11 10 
12 18 9.7 Ht 
13 7 an 
14 13 
15 8 
16 13 if 
17 5 14.7 
18 4 
19 2 
10 3 i 
11 2 
12 6 14.4 4 
13 7 
14 48 10 4 
15 66 7 
lo 50 14 
17 37 20.3 
18 36 9 4 
19 16 4 1 
400 70 17.5 
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Table 1 presents the results of tests performed upon 1,504 clinic chil- 
dren under sixteen. It will be noted that there is a sharp contrast between 
the amount of infection shown in the group exposed to tubercle bacilli 
in the home and the group not so exposed, the percentage of infection 
being 69 in the former and 13.3 in the latter. The latter percentage is 
low in spite of the fact that many of the children in this group came from 
homes where tuberculosis of some description had been found, and that 
many of the remainder were children who were below par physically. 

Of the 279 reactors, 230, or 82 per cent, were X-rayed at least once, a 
postero-anterior film and a semilateral film being taken. Lesions were 
found as follows, the classification being based on suggestions made to 
the writer by Dr. Eugene L. Opie: 


Latent tuberculosis of the lungs 
Calcified nodules in lung 
Latent infiltration of childhood type: soft or flocculent 
Tuberculosis of tracheobronchial lymph nodes: 


Both calcified nodules in lung and calcified tracheobronchial lymph nodes. .... 16 


Manifest tuberculosis of the lungs (sputum negative) 


Tuberculosis of organs other than the lungs were found in 8 additional 
cases, bringing the total number diagnosed in this group to 69. These 
sixty-nine represent 4.6 per cent of those tested, and represent 30 per 
cent of the reactors who were X-rayed. Of the 69 diagnosed, 42 were 
children who had had exposure to a positive sputum within the house- 
hold, and all of those showing soft parenchymal or caseous latent lesions 
or manifest lesions had had such exposure. So far as the Bureau of 
Tuberculosis knows these are the children who have been most heavily 
infected in the county; yet the amount of serious tuberculosis found is 
slight when compared with what is being found in rural Tennessee or in 
cities. No child in this group has died or is now seriously ill with tuber- 
culosis. 


RESULTS OF SCHOOL EXAMINATIONS 


Slight as is the amount of serious tuberculosis found among the clinic 
children, even less has been found among apparently healthy school- 
children. 
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Table 2 shows that among 1,308 village and rural school-children 
tested only 9.3 per cent reacted. The rate of infection is shown to in- 
crease with age. Of the 121 reactors 108 were X-rayed. All had stereo- 
scopic films and some had several exposures. The X-ray findings were 
as follows: 

Latent tuberculosis of the lungs 
Calcified nodules in lung 


Tuberculosis of tracheobronchial lymph nodes, calcified 
Both calcified nodules in lung and calcified tracheobronchial lymph nodes 


Manifest tuberculosis of lungs (sputum not obtainable) 
Adult type 


Other forms of tuberculosis found bring the total diagnosed cases to 
16. These sixteen represent 1.2 per cent of those tested and 14.8 per 
cent of the reactors who were X-rayed. 

Only the one manifest case was at all unwell. This student had been 
absent a good deal and was under a doctor’s care at the time of the test. 

All of the 70 reactors in table 3 had stereoscopic X-ray films of the 
chest taken, and the following diagnoses were made: 

Latent tuberculosis of lungs 
Calcified nodules in lung 


Tuberculosis of tracheobronchial lymph nodes, calcified 
Both calcified nodules in lung and calcified tracheobronchial lymph nodes 


Latent apical tuberculosis, adult typ: 
Infraclavicular 


Only the latent apical lesion seemed to have any possible present clin- 
ical significance, and this patient had already been X-rayed a number of 
times in clinic as a contact. 


COMPARISON OF THE THREE GROUPS OF CHILDREN TESTED 


Strict comparison, by age, of results listed in tables 1, 2 and 3, is 
possible only for the years 10 to 15 inclusive. If this is done it is found 
that for these six years the percentage of positive reactions is as follows: 
table 1, 22.4; table 2, 9.5; and table 3, 14.2. Aside from the fact of low 
incidence of infection in tables 2 and 3 is the extremely small amount of 
adult type of tuberculosis found, only 2 cases among 1,708 school-chil- 
dren. These two were both aged 18 and had already had medical exami- 
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nation and advice. If ages 16 to 19 were included in table 1, more of the 
adult type of tuberculosis probably would appear, and this would empha- 
size both the higher rate of infection and the greater amount of detect- 
able disease in clinic children, as contrasted with apparently healthy 
school-children. Since the beginning of 1931 routine tuberculin-testing 
in clinic has been extended up to the age of twenty. Before that date 
contacts over 15 were routinely X-rayed without being tested, but the 
diagnoses resulting from this procedure are not included in the list diag- 
nosed from table 1. 


DISCUSSION 


Two factors should be kept in mind in attempting to evaluate the 
respective merits of the above methods of case-finding among children 
in this county: (1) The Bureau of Tuberculosis has, for nine years, con- 
sistently tried to reduce household exposure to a minimum. It seems 
fair to assume that these efforts have helped materially to lessen the 
infection received by many children and to prevent it in many others. 
(2) Tuberculin-testing of cattle has been carried on vigorously for an 
equal length of time, so that the danger of infection from the bovine 
strain has been almost eliminated. These facts would tend to affect the 
results in the above tables by generally lowering the rate of infection in 
all the tables, and especially in tables 2 and 3. 

It would seem that, for this county at least, the method of examining 
household contacts is more fruitful than that of examining routinely the 
apparently healthy school-children. If the local tax-payers are to defray 
the costs, one would hardly be justified in urging routine tuberculin 
testing of the 15,000 school-children in the county and X-raying the 
reactors. 

Again, on the basis of experience, there are a few practical difficulties 
encountered in connection with the method of wholesale school examina- 
tions. J: Not only are the preschool children missed but, if a written 
request from the parent is required, less than 50 per cent of the school- 
children themselves are tested. Various motives operate in this locality 
to block consent, such as fear of a diagnosis, fear of harm from the test, 
etc. Usually the parent, not the child, objects. Quite recently two 
high-school students, one of whom has since died, were found to have 
advanced adult type of tuberculosis. They were in a school where 
about 60 per cent of the pupils had been tested recently, but the parents 
of these two had withheld consent for the test. The family physicians 
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had finally made a clinic examination possible. These parents are intel- 
ligent, but conservative and fearful. X-raying all students who do not 
secure consent for the test would multiply the total costs of the examina- 
tions many times. 2: The tests, if negative, should be repeated annually 
or biennially if one is to safeguard the individual completely or to know 
the epidemiology of tuberculosis in the community. This does not work 
out well practically. A negative test may give parents a false sense of 
security. At any rate in this community they often do not see the 
need of repeating the tests. 3: Moreover, tests properly given and 
properly interpreted take a disproportionate amount of time in a rural 
community where schools are small and distances great, even though 
this work be delegated to a nurse. For example, in doing the 1,308 tests 
referred to in table 2 the nurse was obliged to travel more than 12,000 
miles. 

Possibly for this county a combination of the methods described 
above is desirable. 

All household contacts of diagnosed cases should be examined once if 
‘possible, and reéxamined as indicated. In addition, the tuberculin- 
testing of high-school students should be popularized and offered through- 
out the county in the hope that, by X-raying the reactors, certain of the 
dangerous adult lesions seen in adolescence, so apt to become advanced 
before detection, and so apt not to give any clear history of exposure in 
the home, might be found early. When the tuberculin test is not per- 
mitted, this should not prevent the X-raying of high-school students. 

Furthermore, there needs to be the closest codperation between the 
case-finding agency on the one hand and the family or school physician 
on the other. It is extremely important that these physicians have a 
modern attitude toward the early discovery of significant tuberculous 
lesions in children and young people, even though they themselves may 
not have the facilities for making the discovery. One of the indications 
of a modern attitude is that the physician makes liberal use of X-ray 
service, particularly when this service is provided without expense to 
the patient. A family or school physician who omits or postpones unduly 
this modern diagnostic aid when it is available inevitably misses early 
cases of the adult type of tuberculosis. Another indication of a modern 
attitude is that the physician makes a very liberal use of city, county or 
state laboratory service for the examination of sputum for tubercle 
bacilli. This service is available and free in Cattaraugus County, and 
elsewhere if available it is usually free. There would seem to be no 
defensible excuse for omitting this. 
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Finally, two interesting questions may be raised, if not answered. 
Both relate to the question of immunity and adult infection. First, 
is it a good thing for modern rural youth to grow up without tuberculous 
infection? Presumably many, if not most, of these will become infected 
sooner or later in life. Is it better for these children to acquire through 
infection a certain immunity while young, or to attempt, through elimi- 
nation of the sources of infection, to delay as long as possible the entry 
of tubercle bacilli into their bodies? 

With the low death-rate and the fairly adequate supervision of diag- 
nosed cases within this county, the chances for heavy infection of chil- 
dren and adults are decreasing. Figures to date, based upon tuberculin 
tests on a random sample of 300 individuals, indicate that only about 
50 per cent of the adults in the rural part of this county are infected. 
Upon removal to a city the opportunities for infection naturally increase. 
Yet it seems reasonable to work on the hypothesis that, by the time 
boys or girls have reached adolescence, they have enough general and 
specific knowledge to protect themselves against prolonged massive infec- 
tion with the tubercle bacillus. At any rate they know much better 
how to do this than they did as infants or little children. And it is pre- 
sumably the massive infection which is dangerous. 

But to make certain that the above hypothesis is correct, it would 
not be a bad idea to see that all school-children in connection with their 
instruction in hygiene, learn the simple fundamentals known regarding 
the transmission of tuberculosis. 

Second, what is the significance of the mild childhood infection seen at 
present in this county? Does it protect against or increase suscepti- 
bility to adult tuberculosis later on? While this Bureau has not fol- 
lowed reactors long enough to see evidence of increased susceptibility 
to adult disease, other workers, in communities more heavily infected 
than this one, have found some signs of this. The incidence of pul- 
monary tuberculosis in adolescents in this county is high enough to 
cause one to wonder whether childhood lesions preceded, especially in 
view of the low infection-rate shown in the above tables. Unfortunately 
most of these patients were ill before being diagnosed, and a tuberculin 
test would have served no useful purpose. The X-ray evidence avail- 
able supports the idea that no calcified lesions were present in most cases. 
Probably tuberculosis-workers in different areas, even with identical 
technique, will continue to secure dissimilar results, depending upon the 
degree of infection locally present. 
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However this may be, it may be assumed that massive infection in 
childhood is harmful, and that household contact with positive sputum 
cases should be broken. This surely means that physicians and tubercu- 
losis-workers should redouble efforts to discover positive sputum and 
protect children from it. 


SUMMARY 


1. More tuberculous infection and disease were found by examining 
contacts of diagnosed cases than by examining routinely apparently 
healthy school-children. 

2. Tuberculin-testing of large numbers of elementary rural school- 
children is time-consuming and expensive. The infrequency of tubercu- 
losis in this group of children would hardly warrant the routine use of 
this method in Cattaraugus County. 

3. Tuberculin-testing of high-school students is desirable in the hope 
that, by X-raying the reactors, adult lesions may be discovered before 
illness causes the student to seek medical advice. X-raying of the lungs 
should not be withheld when the tuberculin test is not allowed. 

4. Whatever method the Health Department uses for case-finding, 
there needs to be the closest coéperation with the family and school 
physicians, who should be encouraged to use freely the X-ray and sputum 
examination service available. 
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TUBERCULOSIS IN GIRLS AND YOUNG WOMEN 
LLOYD ARNOLD! 


Tuberculosis in adolescent girls and young women has received con- 
siderable attention. The material to be presented in this paper was col- 
lected as a result of a rather detailed metabolic study of normal women 
made daily over a period of several months. The cyclic changes in their 
metabolism associated with menstruation indicated an autostimulation 
phase preceding the onset of the menses. These results will be pub- 
lished elsewhere. The regularly demonstrable disturbances, charac- 
terized by elevation in the basal-metabolic rate, increased permeability, 
and increased enzymatic activity (digestion), associated with menstrua- 
tion should activate tuberculous foci. Most of our studies were carried 
out on healthy young women. 

Redeker (1) in some of his earlier publications explained the increased 
number of positive Pirquet reactions in girls over that found in boys as 
being due to a higher incidence of superinfections in girls. But he con- 
cluded that this explanation is not sound; the differences are due to the 
vegetative reactivity of the female being different from that of the male. 
Karczag (2) has shown by intracutaneous tuberculin injections that the 
size of the reacting area averages 12.4 mm. in diameter, 3-8 days before 
menstruation, in tuberculous patients, 20.2 mm. during the menses, and 
10.3 mm. for the first to fourth days of the postmenstrual period. Deacon 
(3), after calling attention to the higher death-rates for young females 
(15-29 years of age) over that of men of the same ages in Michigan, em- 
phasized that it is not particularly associated with the working-girl, but 
is equally high in young women not engaged in gainful employment. 
Deacon considered it a home problem. Giovanardi (4) explained the 
excess mortality in Italy of females (5-10 and 10-20 age-groups) as due 
to a function of the different growth-rhythm and also to the disturbances 
of the organism associated with puberty. Kopec (5) has shown the 
influence of adverse environment upon the mortality from tuberculosis 
in young people by the experience in Warsaw from 1913 to 1923. He 

1 Department of Pathology and Bacteriology, University of Illinois, College of Medicine, 
and Research Laboratories of the Illinois Department of Public Health, Chicago, Illinois. 
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stated that during the period of puberty tuberculosis causes one-half 
of all deaths in girls and one-third in boys. He attributed this to expo- 


TABLE 1 
Ratio of male to female deaths from tuberculosis: male taken as 100 


AGE-GROUPS 
COUNTRY 


15-19 | 20-24 


1929 183 | 143 
1927 139 | 119 
1927 222 | 160 
1927 128 70 
1927 165 | 129 
1927 178 | 151 
1926 147 | 103 
1927 
1927 127 
1920 
1927 
1927 
1923 


TABLE 2 
Ratio of male to female deaths from tuberculosis: male taken as 100 


AGE-GROUPS 
COUNTRY 


10-14 | 15-19 20-24 | 25-29 


1851-60 144 | 157 | 104 


England and Wales 1901-10 154 | 125] 81 
1929 135 | 147 


alae 1851-60 143 | 128 
oe 1901-10 250 | 153 


1877 175 | 105 85 
1907 181 | 130 100.5 
1928 159 | 155 92 


1891-1900 140 | 178 103 
Switzerland 1901-1910 150 | 193 113 
1921-1925 138 | 191 120 


sure to cold, poverty and lack of food. Jameson, Bristol and Cavenaugh 
(6) have carefully recorded the premenstrual rise in temperature in 
tuberculous patients. They record 1.41°F. in the minimal cases lasting 
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for an average of 8.81 days. Of greater interest to us was their notation 
that five patients, 14 years of age or under, who showed no premenstrual 
rise in temperature and in whom there might be a question of whether 
the menses were actually established, were subtracted from their group. 
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USA. 1870 USA.1680 


TUBERCULO sis 
ALL DEATHS 
—— POPULATION 


USAI9OO- | U.S.A.1910 U.S.A.1920 


== TUBERCULOSIS 
ALL DEATHS 
—— POPULATION 


AGE GROUPS AGE GROUPS 


The population, all deaths, and deaths from pulmonary tuberculosis in the registration 
area for the years indicated, calculated on the basis of the males as 100. The ordinate rep- 
resents this ratio; the abscissa the age groups. 


This is interesting in view of the increase in the deaths of females over 
males even of this early age-group. 

The relatively high death-rates of young females over males occur in 
all countries of the world where vital statistics are available for study. 
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Table 1 illustrates this general tendency for the year 1927 in 13 different 
countries. Table 2 shows that this difference has existed for a long 
time. Social life, fads and such passing changes in the habits, diet, dress 
of the young women could not explain the differences brought out in these 
tables in the mortality of these age-groups. 

The ratio of the two sexes in the population by age-groups in the United 
States Registration Area for 1870, 1880, 1890, 1900, 1910 and 1920 have 
been calculated, taking the male population as 100. The same has been 
done for all deaths for the same census years. The deaths from pulmo- 
nary tuberculosis have been computed in the same manner for the same 
years. These are shown in the accompanying graphs. The female 
deaths from pulmonary tuberculosis begin to rise before the onset of 
menstruation; in fact, the 5-9 age-group shows a decided increase in 
deaths over the same group of the male population. The greatest differ- 
ence is in the 10-14 age-group. 

Difference in the social habits, in diets, in modes and fashions of dress, 
and such changing conditions, could not explain this almost uniform 
increase in female over male deaths of the younger age-groups. 

The assumption that girls are exposed more than boys to superinfec- 
tions in the home cannot be answered from a study of vital statistics. 
Lethal tuberculosis in the age-group of girls from 5 to 14 years may 
indicate these individuals have experienced a greater autonomic disturb- 
ance than the average in the periods before and during the onset of men- 
struation. This would then, after a fashion, eliminate the most suscep- 
tible females before the menstrual pattern was well established and 
before the child-bearing period of life. We are not in a position to say 
that this is a factor in the reversed ratio of sex mortality to tuberculosis 
in later life, but it should not be lost sight of as one of the contributing 
causes. If the young female early in life (5 to 14 years of age) adjusts 
herself to her environment during the period of the development and 
maturity of her sex apparatus with its cyclic changes in cellular metab- 
olism, she should profit from the experience in later life. The menstrual 
pattern is usually established during the first five years of the menses. 
The amount of flow, duration in time and the periodicity are established 
by this time. 

The zone of tissue around a tuberculous focus is stimulated by the 
normal metabolic changes taking place in the female between ovulation 
and menstruation. The alteration in the metabolic rate, permeability 
of capillaries, the increased cellular exchange and tissue digestive proc- 
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esses all together create an adverse environment around such a focus. 
These changes occur with regularity. The increase in temperature of the 
female tuberculous patient preceding menstruation is well known. This 
type of body reaction places such a host at a disadvantage in an active 
tuberculous process. The increase in the deaths of young females over 
males of the same age-group is a biological change in the female. These 
differences are observed in all countries where information upon the 
subject can be obtained and have continued from the time vital statistics 
have been available for study. 
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THE CCCKROACH AS A POSSIBLE CARRIER OF 
TUBERCULOSIS 


HENRY C. READ, Jr.! 


The cockroach, a scavenger insect that inhabits our kitchens, crawling 
over and eating our food, should not be overlooked as a possible mechan- 
ical carrier of tuberculosis. These. insects seem to have no particular 
taste or diet, for, according to Miall and Denny, 


they hardly except any animal or vegetable substance from their long list of 
depredations. Bark, leaves, the pith of living cycads, paper, woolen clothes, 
sugar, cheese, bread, blacking, oil, lemons, ink, flesh, fish, leather, the dead 
bodies of other cockroaches, their own cast skins and empty egg-capsules, all 
are greedily consumed. (1) 


Sputum should be included in their diet also, for, from a preliminary 
experiment, they were observed eating this substance. 

The present paper gives the results of experiments designed to answer 
the following questions: 


1: Will cockroaches eat positive tuberculous sputum? 

2: After eating this sputum, can the tubercle bacilli be recovered from the 
contents of the intestinal tracts of the cockroaches? 

3: Do these bacilli remain in the intestinal tract, or are they disseminated into 
the surrounding tissues? 

4: If these organisms are recovered from the intestinal tracts are they viable 
and will they produce typical lesions in the guinea pig? 


METHOD OF PROCEDURE 


The cockroaches were fed on positive tuberculous sputum for 48 hours. 
Two cockroaches were placed into a gallon battery jar with wire screen 
on top, containing a salt cellar with approximately 15 cc. of sputum. 
Aiter 48 hours the cockroaches were killed with cotton soaked in ether 
which was dropped into the jar. They were removed and placed into a 
sterile petri dish containing 5 per cent phenol solution for three minutes. 
This was done to kill any bacteria that might have been on the outside 


1Fort Smith, Arkansas. 
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of the body and appendages, with special reference to the tubercle bacillus. 
They were then placed into separate sterile petri dishes, to dry thoroughly 
before dissection. 

With sterile instruments the cockroaches were dissected in the follow- 
ing manner: A forceps was placed at the caudal end and another around 
the thorax; thus, pulling out on the caudal forceps brought forth the whole 
gastrointestinal tract. This was placed into a sterile petri dish in order 
to obtain smears from the contents. _The intestinal tracts were then 
placed into a sterile mortar, to which was added 5 cc. of sterile physio- 
logical saline solution. These were ground up thoroughly, and 1 cc. of 
this emulsion was inoculated intraperitoneally into a guinea pig under 
aseptic conditions. Two cockroaches were used in each series, due to the 
fact that in captivity one cockroach might have died before the expira- 
tion of 48 hours. The deposited faeces in the jar were collected and 
soaked in a drop or two of sterile distilled water. Smears were then 
made of the faeces and slides marked in the following manner, CFI; 
slides from the intestinal tracts, CIT 1, etc. Too much emphasis cannot 
be placed on smears from the faeces, for there is the possibility of external 
contamination by the cockroach after walking through the sputum. 

The inoculated guinea pig was placed into a separate cage which bore a 
card marked PJ, P2, etc., with date of inoculation and the amount 
inoculated, which in each case was 1 cc. of the ground-up portion of the 
intestinal tracts of two cockroaches. The guinea pigs were dissected 
one month after inoculation or possibly a few days longer. However, if 
a guinea pig showed signs of illness before this time it was dissected 
under aseptic conditions. The guinea pig was tied firmly on its back, 
the abdomen well flamed with a Bunsen burner which not only sterilized 
the exterior but removed the hair which might have gotten into the 
incision and caused contamination. A midline incision was made 
exposing the viscera. With the exception of the first two series the 
following organs were examined and smears made from them: lymph 
nodes in the mesentery, liver and spleen. All slides in the series were 
stained by Gabbett’s method, which is far more rapid and gives the 
same results as the Ziehl-Neelsen method. After each series of experi- 
ments all glassware was rinsed in 5 per cent phenol solution, autoclaved 
at 18 pounds pressure for 30 minutes, and then removed and cleaned 
well with soap and water. Petri dishes, mortars and pestles were 
wrapped in paper and sterilized in the hot-air oven at 150°C. for one 
hour before using. Preparatory to sectioning, the cockroaches were fed 
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as in the other series. Paraffin sections were cut 8 micra, and stained 
in order to demonstrate, if possible, the presence of tubercle bacilli in 
the tissues. From the diseased portion of the liver of two guinea pigs 
in the first series, emulsions were made of them and inoculated into two 
other guinea pigs which were called series 2. 


RESULTS 


The results following autopsy on the guinea pigs are as follows: 


Series 1 


P1: Inoculated with 1 cc. of emulsion of the intestinal tracts of two 
cockroaches 10/23/30. Killed with ether 12/9/30. Guinea pig very 
thin and showed loss of vitality; liver and spleen enlarged, both having 
small grayish-white patches on them. 

P2: Inoculated same as PJ, 10/24/30. Killed with ether 12/13/30. 
Same findings as in P/. 

P3: Inoculated same as P/, 12/4/30. Killed with ether 12/31/30. 
Same findings as in P/, and enlarged lymph nodes in mesentery. 

P4: Inoculated same as PI, 12/4/30. Killed with ether 1/9/31. 
Same findings as in P3. 

P5: Inoculated same as P/, 12/4/30. Killed with ether 1/10/31. 
Same findings as in P3. 

P6: Inoculated same as Pl, 3/2/31. Killed with ether 3/31/31. 
Same findings as in P3. 

P7: Inoculated same as Pl, 3/2/31. Killed with ether 4/9/31. 
Same findings as in P3. 

P8: Inoculated same as P1, 3/2/31. Killed with chloroform 5/14/31. 
Healthy and showed no loss of vitality. Liver, spleen and lymph nodes 
normal. This result probably due to intraperitoneal] inoculation, for, 
as Willis (2) says, “the peritoneal cavity has a remarkable capacity for 
ridding itself rapidly of foreign matter, and, when only a few tubercle 
bacilli are introduced by this route, the chance of infection is less than 
if inoculation were done in the groin.” Smears made from intestinal 
tracts of the cockroaches prior to the inoculation of this guinea pig were 
positive. 

P9: Inoculated same as Pl, 3/7/31. Killed with ether 4/1/3i. 
Same findings as in P3. 

P10: Inoculated same as Pl, 3/7/31. Killed with ether 4/7/31. 
Same findings as in P3. 
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Series 2 


P1: Inoculated with 1 cc. of emulsion of diseased portion of the liver 
of P7, first series, 4/9/31. Killed with ether 5/9/31. Very thin and 
showed loss of vitality. Liver and spleen enlarged, both of which had 
small grayish white patches on them. 

P2: Inoculated with 1 cc. of emulsion of diseased portion of liver of 
P9, first series, 4/1/31. Killed with ether 5/2/31. Same findings as in 
preceding animal. 


Results of smears of guinea-pig organs 


Series 1 


Liver positive P7 Liver negative 
Spleen positive Spleen positive 

Liver positive Lymph node positive 

Spleen positive in mesentery 

Liver negative Liver negative 
Spleen positive Spleen negative 


Lymph node positive 
in mesentery 

Liver negative 

Spleen positive 

Lymph node positive 
in mesentery 

Liver negative 

Spleen positive 

Lymph node positive 
in mesentery 

Liver negative 

Spleen positive 

Lymph node positive 
in mesentery 


Lymph node negative 
in mesentery 

Liver negative 

Spleen positive 

Lymph node positive 
in mesentery 


P10 Liver negative 


Spleen positive 
Lymph node positive 
in mesentery 


Series 2 


Liver positive P2 Liver positive 
Spleen positive Spleen positive 


Results of faecal smears 


CF 1 positive CF 3 positive CF 5 positive 
CF 2 positive CF 4 positive CF 6 positive 
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7 positive CF 9 positive 
8 positive CF 10 positive 

Results of smears of intestinal tracts 
1 positive CIT 5 positive CIT 9 positive 
2 positive CIT 6 positive CIT 10 positive 
3 positive CIT 7 positive 
4 positive CIT 8 positive 


Results of microscopic sections of the intestinal tracts 


Cockroach 1 Cockroach 4 
Slide 1 negative Slide 1 negative 
Slide 2 negative Slide 2 negative 

Cockroach 2 Cockroach 5 
Slide 1 negative Slide 1 negative 
Slide 2 negative Slide 2 negative 


Cockroach 3 
Slide 1 negative 
Slide 2 negative 


SUMMARY 


After the cockroaches were fed on positive tuberculous sputum for 48 
hours the intestinal tracts were examined by smears, as were also the 
deposited faeces. In each case the smears were positive. All smears 
were called positive even if only one organism was found per slide, for 
according to Corper, “a hundred thousané bacilli must be present in 1 cc. 
of sputum before they can be detected in the stained smear under the 
microscope.”’ (3). 

The intestinal tracts of the cockroaches were ground up in physiological 
saline solution. (The intestinal tracts of two roaches were used in each 
experiment.) One cubic centimetre of this emulsion was inoculated 
into a guinea pig. Only one guinea pig failed to contract tuberculosis. 

Sections were made to see if the tubercle bacillus could be demonstrated 
in the tissues surrounding the intestine. All slides were negative, indi- 
cating the immunity of the cockroach to tuberculosis. 


CONCLUSION 


The results of these experiments show that the cockroach may be con- 
sidered a possible mechanical carrier of tuberculosis for the following 
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reasons: (1) all smears of the intestinal tracts were positive, thus showing 
that the cockroach will eat positive tuberculous sputum; (2) these organ- 
isms when recovered from the intestinal tracts are viable, for they pro- 
duced typical lesions in the guinea pig; and (3) microscopic sections did 
not show the bacilli to be present in the tissues, thus showing that they 
remain in the intestinal tract. 

If tuberculosis patients and “carriers” do not properly dispose of their 
sputum, rags, handkerchiefs or paper expectorated into, the cockroaches, 
if any are present, may make a meal of this material and crawl away to 
the kitchen or pantry and thus contaminate the food. Kitchens and 
pantries of the neighbors may also be contaminated for, according to 
Lefroy, “cockroaches have also been known to migrate in a body from 
one house to another without any apparent reason.”’ (4). 

More detailed experiments in the future will doubtless prove that this 
scavenger insect is a vector in the spread of tuberculosis. However, 
now that the possibility has been proved that the cockroach is a mechan- 
ical carrier, it behooves us to rid our homes of this insect not only to 
protect ourselves but others. 
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TUBERCULOSIS OF HUMAN ORIGIN IN AN AMAZON 
PARROT! 


W. R. HINSHAW 


Reports of tuberculosis of human origin among parrots kept as pets in 
homes of tuberculous patients are not uncommon in European publica- 
tions, but as far as the writer is aware this type of the disease has not 
been reported in the available American journals. For this reason the 
report of a case of tuberculosis of human origin in a male “Amazon 
parrot” (genus Amazona) is presented as a matter of record. 


REVIEW OF THE LITERATURE 


Cobbett (1), Fox (2), and Hutyra and Marek (3) have each described 
the disease in parrots, and have called attention to its relationship to 
human as well as to avian and bovine tuberculosis. According to these 
authors, the first to recognize tuberculosis in parrots were Frohner and 
Eberlein, who found 170 (24.3 per cent) of 700 parrots examined between 
1894 and 1896 to be tuberculous. 

Fox (2) in 1923 reported on 698 autopsies of order Psittaci, and 38 
(5.4 per cent) of these were tuberculous. Klimmer (4) in 1930 reported 
that 33 per cent of the parrots from various parts of Germany, examined 
by him, were tuberculous. Whiting (5), formerly director of the patho- 
logical laboratory of the Zoological Society of San Diego, California, 
observed several cases of tuberculosis among parrots at the San Diego 
zoo. No mention of types is made by these investigators. 

Wherry (6) in 1920 described a leprosy-like disease, which may have 
been tuberculosis, in the lungs of a “Mexican Red Head” parrot. Al- 
though he demonstrated acid-fast rods in smears made from the lesions, 
he was unable to culture the organism. Laboratory animals were not 
inoculated. 

Rabinowitsch (7) in 1927, in a publication on the transmission of tuber- 
culosis through domestic animals, referred to a strain of the tuberculosis 
organism which was isolated from a parrot and was originally designated 

1 From the Division of Veterinary Science, California Agricultural Experiment Station, 
Davis, California. 
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as an avian type, but which was changed by animal passage to one 
typical of the human type. 

Martinaglia (8) in 1930 reported a case of tuberculosis, probably of 
human origin, in a parrot from South Africa, and believed it to be the 
first case reported from that section of Africa. 

Stableforth (9) in 1929 reported the results of a bacteriological ex- 
amination of a tuberculous parrot from which a human strain of Myco- 
bacterium tuberculosis was isolated. This specimen had a lesion on the 
lower lid of one eye, and like our specimen had been the pet of a man 
who was suffering from tuberculosis. 

Scott (10) described the disease in parrots and mentioned their sus- 
ceptibility to both the avian and human types. No mention was made 
of the bovine type. He described two cases in all-green parrakeets 
(Brotogerys tirica), but did not mention whether the type was deter- 
mined. Both specimens had been in the London Zoological Gardens 
for over 13 years. Scott described the distribution of lesions in parrots 
as follows: 


The distribution of the lesions in parrots is somewhat peculiar. Primary respir- 
atory tuberculosis is rare and intestinal is far from common. Cutaneous 
infection is much more frequent, particularly in the form of lupoid or verrucose 
affections of the head, on which may form a horny overgrowth up to 4 cm. in 
length. At other times there are firm nodules varying in size from a pin’s head 
to a hen’s egg, usually with a smooth, or slightly rugose surface. They do not 
caseate till late, but, if not producing the actual horny prolongation just men- 
tioned, they form a thick scabby, keratinous layer. The outer canthus is a 
favorite site, and by extension forwards the growth may interfere with vision. 
It is said also that growth may spread into the depth« and lead to necrosis and 
actual perforation of the calvarium. Tubercles, usually smaller and softer, 
also occur on the mucous membrane of the mouth and on the tongue, more 
particularly on the fraenum, and also on the hard palate and in the nasal fossae. 

When the lungs or other viscera are attacked, the lesions produced are similar 
to those . . . . of gallinaceous birds. 


HISTORY AND SYMPTOMS 


The subject first came under the observation of Dr. C. C. Oderkirk, 
Long Beach, California, in 1926, when it was brought to his veterinary 
hospital for treatment. Symptoms observed at that time were listless- 
ness, lack of appetite, and a ruffling of the feathers. At intermittent 
periods, the parrot had fits of sneezing with a noticeable coryza, which 
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would last for several days; thereafter the bird would appear normal 
again for two or three months. 

During the summer of 1929, the subject escaped from its cage and 
flew into the street, where it was struck by an automobile. Within a 
month it had recovered, but within six months there appeared on one leg 
a horny, tumorous-like growth which at the time was thought to be a 
result of the accident; this was removed, and complete healing took 
place. In July, 1930, the parrot was again returned to Dr. Oderkirk 
for treatment and five tumorous growths similar to the one which had 
been removed from the leg were noted on the head of the patient, and a 
tentative diagnosis of tuberculosis was made by the State Department 
of Agriculture, Poultry Pathological Laboratory at Los Angeles. Soon 
afterward the subject was donated by its owner for exhibition at the 
Poultry and Small Animals Clinic held in connection with the annual 
meeting of the American Veterinary Medical Association in Los Angeles 
during August, 1930; and finally it was donated to the writer for further 
study. 


AUTOPSY 


The horny tumor-like processes (see figure 1) on the head were located 
in the vicinity of the eyes, two on the right and three on the left side; 
and these were the only external lesions observed. 

One of the two lesions on the right side was located just anterior to the 
eye and involved part of the eyelid. It was approximately 1.5 cm. in 
diameter at its base and tapered to a blunt point 2.5 cm. from the eye. 
The other lesion was posterior to the eye and slightly smaller in size. 
Two of the lesions on the left side were located in positions relative to 
those on the right side, while the third was located on the skin over the 
upper mandible. All were smaller than those on the right side. 

All the processes were easily removed, and appeared to be associated 
only with the outer layers of the skin, and were typical of those described 
by Scott (10). Acid-fast rods were present in large numbers in stained 
smears made from scrapings of both the bases of the processes and the 
wounds left by their removal. 

The right lobe of the liver was the only internal organ that showed any 
indication of tuberculosis. The posterior third of this lobe was filled with 
irregular slightly raised areas of necrosis ranging from 1 to 2 cm. in 
diameter. When cut, this portion of the liver appeared fibrous. Acid- 
fast rods were easily demonstrated in smears made from these lesions. 
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Smears made from the lungs, spleen, kidney, and heart’s blood were 
negative for acid-fast rods. Histopathological studies of sections of 
tissues from these organs also failed to reveal any indications of tuber- 
culosis, though acid-fast rods were demonstrated in sections from the 
right lobe of the liver and from the skin lesions. 


Fic. 1. PARROT SUFFERING FROM TUBERCULOSIS, SHOWING LESIONS ON HEAD 


ANIMAL INOCULATIONS 


No attempt to obtain cultures directly from the tissues was made; 
but chickens, rabbits, and guinea pigs were inoculated intraperitoneally 
with both skin and liver material. Before inoculation, all the test ani- 
mals were negative to both avian and human intracutaneous tuberculin 
tests. Table 1 summarizes the results of these inoculations. Addi- 
tional tuberculin tests on October 1, 1930, compared favorably with 
those recorded in the table. All tuberculin test readings were taken 
48 hours after the injections were made. 

The results of animal inoculations, except those obtained in chicken 
4, are typical of the human strain of Mycobacterium tuberculosis. In 
order to determine whether the acid-fast rods observed in this chicken 
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were viable, two chickens, one rabbit, and one guinea pig were inoculated 
with an emulsion prepared from the lesions found in that bird. When 
these animals were killed, at the end of 103 days, no evidence of tuber- © 
culosis could be found, nor were acid-fast rods demonstrated in smears 
made from any organ. 

A pure culture of Mycobacterium tuberculosis was isolated from a guinea 
pig which died of tuberculosis after inoculation with infectious material 
from guinea pig 148 of table 1. This culture has all the characteristics 
of the human type and has consistently proved pathogenic for guinea 


TABLE 1 
Summary of results of animal inoculations with tuberculous material from parrot 


TUBERCULIN 
TEST RESULTS 
ANIMALS* oF 12-1-30 DISPOSAL AUTOPSY FINDINGS 


Avian |Human 


— | K—12-15-30 | Normal; no acid-fast rods 
re _ + | K—12-15-30 | Two tubercles, 4 mm. in di- 
ameter, at point of inocu- 
lation. Positive for acid- 
fast rods 

Guinea Pig 147.....| Liver K—12-15-30 | Generalized tuberculosis 
Guinea Pig 148 Skin K—12-15-30 | Generalized tuberculosis 
Chicken 4..........] Liver + K—12-15-30 | Liver questionable. Few 
very short acid-fast rods. 
Abscess on one rib 
Chicken 5 Skin K—12-15-30 | Normal. No acid-fast rods 


* Inoculated 9-5-30. 


pigs but not for chickens or rabbits. Recent inoculations (1932) have 
regularly killed guinea pigs in from three to four weeks. 


SUMMARY 


A case of tuberculosis in a male “Amazon parrot” (genus Amazona) is 
reported. There was a history of the parrot’s being the pet of a tuber- 
culosis patient, and animal inoculations indicated that the bird was 
suffering from the human type of the disease. 

The writer wishes to express his appreciation to Dr. C. C. Oderkirk of Long Beach and to 


Drs. H. W. Graybill and R. H. Scofield of Los Angeles for furnishing the specimen and for aid 
in making the diagnosis. 
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A TECHNIQUE FOR ESTIMATING THE NUMBER 
OF TUBERCLE BACILLI IN SPUTUM! 


JOSEPH HUGHES 


Determination of the number of tubercle bacilli in the sputum of 
tuberculous patients may be significant in the clinical study of the indi- 
vidual patient, and may be used in epidemiological studies to obtain 
information concerning the dissemination of the disease. The Gaffky 
count has been used for these purposes, but by this method only rough 
estimates can be obtained. As is well known, portions of the specimen, 
usually caseous or purulent material, are selected for examination, be- 
cause, in the opinion of the examiner, they may be rich in bacilli. This 
material is then spread upon a slide, the bacilli are stained by the Ziehl- 
Neelsen method, and are counted in an arbitrary number of microscope 
fields. If the bacilli, scattered irregularly throughout the specimen and 
often in clumps, could be more evenly dispersed, the number of bacilli 
could then be expressed per unit volume of sputum, provided the rela- 
tionship of the volume of sputum to a microscopic field is known. It is 
obvious that by this means a more accurate estimate could be arrived at. 
The following technique has been developed with the purpose of obtaining 
approximately exact counts by a method that is simple enough to be 
employed as a routine procedure. 


METHOD 


Preparation of specimen and smear: One cubic centimetre of a 10 per cent 
solution of sodium hydroxide is pipetted into a test-tube of 10-cc. capacity, 
and 2 cc. of sputum is added, along with three glass beads. The mouth of the 
test-tube is flamed, and stoppered with a cork. The tube is then placed in a 
shaking machine in a horizontal position, and agitated. Because of the vis- 
cosity of sputum, pieces of ordinary glass tubing, 4 mm. in diameter and 25 
cm. in length and graduated by a mark with a file to deliver 2 cc., have been 
used instead of the usual type of pipette. Sputum can be readily drawn up 
into such a pipette by means of a Luer syringe attached to it by rubber tubing. 

After being digested and shaken for thirty minutes the specimen is removed 


1From the Henry Phipps Institute, University of Pennsylvania, Philadelphia, Penn- 
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from the shaking machine. The following technique is used in making 
smears: 


An area of 400 sq. mm. is marked off on the end of a one-inch microscopic slide by drawing 
with a diamond pencil a line 1.5cm.from one end. This measurement introduces an error of 
less than 0.5 per cent. The slide is then cleansed by being placed overnight in a solution 
of alcohol, 97 cc., and acetic acid, 3 cc. By means of a standard loop, 3 mm. in diameter, 
made of platinum wire 0.4 mm. in thickness, sold by dealers in laboratory equipment, one 
loopful of serum used to fix the bacilli to the slide and one loopful of the digested sputum are 
mixed together on the slide, and are then spread in a uniform smear over the marked-off area 
of 400sq.mm. The smear is dried in air, fixed by heat and stained by the usual Ziehl-Neelsen 
technique. Ten scattered oil-immersion fields are examined and the average number of 
bacilli per field is estimated. This average is then corrected for the dilution of the sputum 
by sodium hydroxide by multiplying the number of bacilli seen per field by the factor 1.5. 


Calculations of Number of Bacilli 


In the Gaffky examination of the smear made from untreated sputum, the results are tabu- 
lated as follows: 

Gaffky I: In the whole preparation only 1 to 4 bacilli. 
Gaffky II: In several fields an average of 1 bacillus. 
Gaffky III: In one field an average of 1 bacillus. 
Gaffky IV: About 2 or 3 bacilli in every field. 

Gaffky V: About 4 to 6 bacilli in every field. 

Gaffky VI: About 7 to 12 bacilli in every field. 
Gaffky VII: In every field rather many bacilli. 
Gaffky VIII: In every field many bacilli. 

Gaffky IX: Inevery field very many bacilli. 

Gaffky X: In every field, enormous numbers of bacilli. 


Since, in the present method, the 3-mm. loop used in making the smear 
delivers approximately 3.5 cmm. of treated sputum, it is possible to estimate 
the number of bacilli in 1 cmm. of sputum after calculating the average number 
of bacilli per microscopic field and the number of fields in the smear. This 
may be expressed by the following equation: 


Average number of bacilli seen 


Number of microscopic fields of smear 
per microscopic field X 1.5 3.5 ” 


Number of bacilli in 1 cmm. of untreated sputum 


In the microscope used for this work there were 25,000 fields in the area of 
the smear, but this figure will vary depending upon the size of the oil-immer- 
sion field of different microscopes. It can be readily determined for any 
microscope by calculating the diameter of the oil-immersion field by focusing 
on the rulings of a haemocytometer that are 0.05 mm. apart. In doing this 
it is necessary to use a No. 1 or No. 2 cover-slip to cover the rulings, because 
the oil-immersion lens cannot be used with the heavier cover-slip provided 
with the haemocytometer. 
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By working out the equation for estimating the number of bacilli in 1 cmm. 
the factor 10,714 was obtained, which, when multiplied by the average number 
of bacilli per oil-immersion field, gave the number of bacilli in 1 cmm. of 
sputum. 


COMPARISON OF METHODS 


As has been pointed out, the results, obtained from the examination 
of untreated sputum as in the Gaffky count, are not representative of © 
the entire specimen unless the bacilli are by chance distributed uniformly 
throughout the specimen. Table 1, comparing the respective counts 
on three specimens of sputum made by examining two smears prepared 
from each unaltered specimen with the counts on two smears made from 
the same specimens after treatment with sodium hydroxide, shows the 
more uniform distribution of bacilli obtained with the latter technique. 


TABLE 1 


SPECIMEN NUMBER NUMBER OF BACILLI PER OIL-IMMERSION FIELD 


Untreated 
Smear 1 10 25 48 
Smear 2 

Treated 
Smear 1 17 18 19 
Smear 2 Za 


Untreated 
Smear 1 
Smear 2 

Treated 
Smear 1 
Smear 2 


Untreated 
Smear 1 
Smear 2 

Treated 
Smear 1 5 

Smear 2 6 


* Probable error of mean. 


In table 2 the mean has been calculated for the counts obtained from 
examination of a given number of fields by either method. The statis- 
tical significance of the mean, being the greater the less the deviation of 
the counts from this figure, can be determined by calculating the standard 
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TABLE 2 


CONTIGUOUS FIELDS SCATTERED FIELDS 
SPECIMEN NUMBER 


P.E. Mean + P.E. P.E. Mean + PE. 


Untreated 1.39 1.29 ; 2.09 
Treated 0.41 12.07 11.17 


Untreated j 0.38 3.16 
‘7. 


Treated .06 


1 
5 


Untreated .78 
Treated 


Untreated .08 
Treated 1.23 


Untreated 0.92 
Treated .12 


Untreated 62 
Treated 


Untreated 
Treated 


Untreated 
Treated 


Untreated 
Treated 


Untreated 
Treated 


Untreated 
Treated 


Untreated 
Treated 


Untreated 
Treated 


Untreated 
Treated 


Untreated 
Treated 
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P 3 0.75 2.53 
12.45 0.78 15.9 
3 3.71 3.8 1.01 3.76 
10.6 13.2 0.89 14.94 
4 4.63 13.1 3.37 3.88 
11.34 10.8 0.84 12.85 
5 5.65 5.2 0.94 5.63 
7.50 10.2 1.26 8.09 
6 5.99 12.4 3.31 3.7 
18.0 12.9 0.64 20.15 
- P| 7.9 1.3 6.08 9.5 1.26 7.53 
an 9.45 0.82 11.5 8.25 1.23 6.7 
8 P| 10.8 1.21 8.93 5.7 0.78 7.30 
18.45 1.19 15.5 16.2 0.89 18.20 
9 P| 8.2 0.73 11.23 8.0 me 7.20 
14.55 1.43 10.1 14.85 1.39 10.68 
10 P| 18.2 1.44 12.64 15.7 1.65 9.52 
16.2 0.68 23.8 14.1 1.0 14.10 
7 P| 4.3 1.54 2.79 3.9 1.48 2.6 
4.5 0.47 9.57 6.0 0.73 8.21 
12 P| 3.6 1.29 2.79 6.7 1.64 4.08 
3.3 0.38 8.68 3.9 0.59 6.60 
13 P| 0.80 0.27 2.96 3.7 1.03 3.59 
6.0 0.62 9.68 5.10 0.54 9.44 
14 P| 1.2 0.38 3.15 3.2 1.0 3.2 
1.95 0.45 4.33 1.35 0.33 4.09 
15 P| 1.0 0.29 3.44 8.7 3.40 2.5 
1.35 0.39 3.46 1.50 0.38 3.94 
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TABLE 2—Concluded 


CONTIGUOUS FIELDS SCATTERED FIELDS 
SPECIMEN NUMBER 


P.E. Mean + P.E. P.E. Mean + P.E. 


Untreated ; 1.33 3.53 : 0.66 5.6 
Treated 0.58 3.88 i 5.48 


Untreated 3.94 : 4.44 
Treated 10.68 


Untreated 
Treated 


Untreated 
Treated 


Untreated 
Treated 


Untreated 
Treated 


Untreated 
Treated 


Untreated 
Treated 


Untreated 7 


4 
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deviation and the probable error (P.E£.). In statistical practice the 
mean is considered significant if it is at least three or four times the 
probable error. In this work the mean is assumed to be significant, 
if the quotient obtained by dividing the mean by the probable error is 
four or more, the larger the quotient, the more accurate the mean. This 
table gives the results obtained by counting the number of bacilli seen 
in the examination of contiguous and scattered fields in smears made 
from twenty-five unselected specimens of sputum before and after 
treatment with sodium hydroxide. The quotient obtained by dividing 
the mean by its probable error is also given. The wide variations 
seen in this table between the respective means of the counts of the 
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contiguous and of the scattered fields of the untreated specimens again 
show that a true mean of the counts cannot be obtained when the speci- 
men has not been treated. 

Further analysis of this table shows that, out of twenty-five results 
from counting contiguous fields, only fifteen were significant for the 
untreated specimens, whereas twenty-two of the twenty-five were sig- 
nificant for the treated specimens. For the scattered fields sixteen were 
significant for the untreated specimens and twenty-three of the twenty- 
five were significant after treatment. Moreover, the means of the 
counts obtained in twenty-one instances from the contiguous fields, and 
in twenty-two instances from the scattered fields, were more significant 
when the specimen had been treated; that is, a higher quotient was 
obtained by dividing the means by the probable errors. 

One hundred specimens of sputum were examined by the Gaffky 
method by a worker with considerable experience in making these counts 
as part of the routine laboratory procedure, and were subsequently ex- 
amined after they were treated by sodium hydroxide by Mrs. Constance 
Gallagher to determine the number of tubercle bacilli per cubic millimetre 
of sputum. The results of fifty are given in table 3, grouped under the 
Gaffky counts on these specimens. 


TABLE 3 
Number of tubercle bacilli per cmm. of sputum 


GAFFEY 


I II II IV Vv VI VII x 


2,142 | 3,214] 9,642] 5,357 7,499 | 19,714 6,428 192 ,852 
3,214 | 5,357 | 9,642 | 10,714 | 27,856 | 25,713 | 42,856 
10,714 | 6,428 | 12,856 | 14,999 | 56,784} 42,856 77,140 
22,499 | 7,499 | 18,213 | 18,213 | 84,640 | 132,853 | 95,354 
27 ,856 | 12,856 | 36,427 | 34,284 | 89,997 | 169,281 | 96,426 
42,856 | 29,999 | 72,783 | 37,499 | 108,211 | 235,708 | 100,711 
47,141 | 39,641 | 84,640 | 97,497 | 193,923 | 396,418 


Table 3 shows a wide variation in the number of tubercle bacilli per 
cubic millimetre among specimens having the same Gaffky count. 

The method described in this paper was used to examine specimens 
of sputum on two patients, one white, the other colored, over a period of 
four months. Data on these examinations are presented in figures 1 
and 2. 
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Figure 1 represents the findings in the case of J. A., age 17, white, male. Onset of symptoms 
of pulmonary tuberculosis, March, 1930. Diagnosis of tuberculosis, May, 1930, with involve- 
ment of apices of both lungs, cavitation of left apex, and tubercle bacilli in sputum. The 
patient had had sanatorium care for one year and seven months. At the beginning of these 
examinations, he was ambulatory and receiving care at home. His weight was 160 pounds. 
There was an occasional rise of temperature of one degree. There was X-ray evidence of a 
large cavity in the left apex with infiltration of right apex. At the conclusion of the exami- 
nations there was X-ray evidence of slight contraction of the cavity in the left apex while 
there were two small cavities in the right apex. His weight was 157 pounds. The patient 
was symptomatically improved. 

Figure 2 depicts C. B., age 26, colored, female. Onset of symptoms of pulmonary tubercu- 
losis, August, 1930. Diagnosis of tuberculosis, September, 1930, with involvement of right 
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lung only, cavitation of right apex, and tubercle bacilli in sputum. The patient received 
care at home for one year. From the beginning of these examinations the patient has been 
confined to bed. Her weight was 125 pounds, as compared to 156 pounds at the onset of 
her illness. There were daily fluctuations in temperature, ranging from 98° to 101°. The 
last X-ray examination revealed a large cavity, occupying almost the entire upper half of the 
right lung, with multiple small cavities and infiltration in the lower half, while in the left 
lung there were multiple small cavities and infiltration in the middle portion. The patient’s 
condition at present shows no improvement. 


The number of tubercle bacilli per cubic millimetre of sputum for 38 
negro and 25 white patients of the Henry Phipps Institute was also 
estimated by this method. These results are given in the graphs in 
figure 3. 
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The average number of bacilli per cubic millimetre of sputum for the 
negroes is 51,427, while the average for the white patients is 29,999. 
However, the real difference between these two groups is more pro- 
nounced than such a determination shows because of the type of the 
frequency distribution. 


DISCUSSION 


In 1891 Nuttall attempted to devise a more accurate technique than 
Gaffky’s. He used an alkali to digest the sputum and dispersed the 
bacilli by shaking. He then estimated the number of bacilli by a la- 
borious and time-consuming process, determining the number of bacilli 
in one drop, and the number of drops in one cubic centimetre of the 
specimen. 

Since that time efforts have been directed chiefly toward improving 
methods for detecting bacilli, and no noteworthy attempts have been 
made to develop a more adequate quantitative technique. It should 
be noted that the method described in this paper is not any more, nor 
any less, effective than the direct smear for demonstrating the presence 
of tubercle bacilli in the sputum. Since it requires more time to carry 
out, it is suggested that its use be confined to determining the number 
of bacilli in sputum known to be positive. 

Such quantitative determinations as the Gafiky count permits are 
widely used in the clinical management of the patient, although the 
inaccuracy of this method for such purposes has long been recognized. 
It is shown that the number of bacilli in a specimen of sputum can be 
determined with much greater accuracy by the technique described, 
which can be used as a routine procedure when the sputum contains 
tubercle bacilli. 

Sufficient data have not accumulated to permit complete interpreta- 
tion of the relation of the number of bacilli per cubic millimetre of spu- 
tum to the clinical course of the disease or its dissemination. The 
difference in the number of tubercle bacilli expectorated by the negro 
and white patients is comparable to that previously noted by Opie and 
Isaacs to exist between an unselected group of negroes in Jamaica and a 
similar group of white patients at the Henry Phipps Institute. 


CONCLUSION 


A method has been devised for making a closely approximate estimate 
of the number of tubercle bacilli in a specimen of sputum, by obtaining a 
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homogeneous distribution of bacilli throughout the specimen and count- 
ing the bacilli in a measured quantity ( 1 cmm.) of the specimen. 


The statistical analysis of the data was made by Miss Marjorie Gooch. 
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THE USE OF PAPER FILMS IN THE STUDY OF TUBER- 
CULOUS ENTERITIS 


CLARENCE J. ZINTHEO, Jr.! 


The classic work of Brown and Sampson (1) on tuberculous enteritis 
has brought that complication of phthisis from the limbo of a fatal issue 
to the realm of a comparatively common occurrence which lends itself 
to successful treatment. But, as in the transitional period, when pul- 
monary tuberculosis was changing from a fatal illness to one which could 
and was being treated successfully in large part because of greater atten- 
tion to early diagnosis, so now is the change in attitude toward tubercu- 
lous enteritis dependent upon a similar care in searching for and dis- 
covering the disease in its earlier stages. With the necessity of roentgen 
examination to establish the diagnosis in the susceptible stage well 
demonstrated, it is unfortunate that this procedure is not more widely 
used. Except with the most acutely ill or weak patients this method of 
diagnosis lends itself so readily to use in sanatoria equipped with X-ray 
apparatus that it would seem a routine examination on all admittance 
cases would be almost mandatory. 

One hindrance to such a routine examination has often been its 
high cost. A new paper film developed for the Bellevue-Yorkville 
Health Demonstration in their study of the chests of school-children 
(2) (3) offers a possibility of lessening this objection. Its use may stimu- 
late a wider-spread routine examination for tuberculous enteritis. 

This film (4) consists of a paper backing coated on one side with a 
fast emulsion. It may be used in any standard cassette and finished in 
any standard X-ray developer just as regular film. The very fine detail 
produced by the standard film cannot be obtained, but in radiograms 
of the colon such extremely fine work is not so essential. In our experi- 
ence the detail obtainable is ample for the purpose. This is demonstrated 
in figure 1, an enteric radiogram taken on the paper film, and figure 2, the 
same study taken on standard film. The finished radiograms are viewed 
by reflected instead of transmitted light. 

Because these papers are only single emulsion and receive the effect 


1 Radiographic Technician, Firland Sanatorium, Richmond Highlands, Washington. 
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of only one intensifying screen an increased exposure over the regular 
film is required. Our technique consists of: 2 seconds; 100 milliamperes; 
at 25 inches distance; and 60 to 75 kilovolts. The papers are developed 
5 minutes in a standard tank-developer solution, left in the hypo for 10 
minutes, and washed for only 15 minutes. This crowding through the 
dark-room is, of course, to prevent too great softening of the paper back- 
ing, but so far we have noticed no resulting ill effects. 


Fic. 1. ENtTeErR1c RADIOGRAM TAKEN ON POWERS X-RAy PAPERS 
Note good outline of colon 
Fic. 2. THe SAME Stupy TAKEN ON STANDARD FILM 


Note better detail of bone and psoas muscle 


When the enteric study is made by hourly fluroscopic examinations 
only three films will usually be required for the permanent record: one 
when the ascending colon is first outlined; another when the head of the 
barium column reaches into the descending colon; and a 24- to 27-hour 
plate. If made on these papers the cost of film for a complete examina- 
tion will be less than 95 cents per patient. This is sufficiently low that 
routine enteric studies on all cases will not require a great increase in 
appropriaiion from endowment sources and in private sanatoria will 
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permit of a low enough charge than an examination may be reasonably 
required of each patient. 
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THE SHRUNKEN PULMONARY LOBE WITH CHRONIC 
BRONCHIECTASIS! 


OSWALD R. JONES anp ANDRE COURNAND 


In reviewing many cases of chronic bronchiectasis which have appeared 
in the wards of our service at Bellevue Hospital during the last five years, 
we became very much interested in a group of cases which showed defi- 
nite evidence of bronchiectasis associated with shrunken lobes. It is our 
intention in this article to attempt to explain by clinical evidence some 
of the aspects of shrunken lobes associated with bronchiectasis. The 
literature for many years back has yielded numerous reports of such 
cases based, as the authors reasoned it, either on a congenital or acquired 
_ origin. 

Herxheimer in 1887 (1) and Berlin in 1891 (2) reported cases of ate- 
lectatic bronchiectasis as congenital entities. Francke in 1894 (3) 
wrote about the shrinking of the lung in the first year of life. Edens in 
1904 (4) described atelectatic bronchiectasis, as did Buchman in 1911 
(5). Many other authors have similarly reported such cases of con- 
genital atelectasis with bronchiectasis. It was Heller (6) who really 
first called our attention to the finding, which he described as atelectatic 
bronchiectasis due to congenital pulmonary changes. He assumed that, 
in the failure of the lungs to expand, only the bronchi continued to 
develop, and that they dilated as a result of the prevailing pressure 
conditions, together with accumulations of the bronchial secretions. 
He believed that this type of bronchiectasis was congenital because that 
portion of the lung involved was free from pigment. 

This hypothesis of Heller has been very definitely shaken and refuted 
particularly by Heuter (7), who states that it is extremely difficult to 
differentiate the genesis of the two forms of bronchiectasis, congenital 
and acquired. Heuter also has stated that if, on microscopical exam- 
ination, the alveolar tissue is not demonstrated, then the previous pres- 
ence of alveoli is doubtful and the condition is probably congenital; if, 
however, alveoli are present, then we must be very sure that all acquired 


1 From the Tuberculosis Division of Bellevue Hospital, New York City, Dr. James Alex- 
ander Miller, Physician-in-Charge. 
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pulmonary processes which may bring about this shrinkage and diminu- 
tion of respiratory surface be excluded as primary factors, in order to 
justify the assumption of congenital atelectatic bronchiectasis per 
exclusionem. In Heller’s description of his cases Wollman (8) could not 
find sufficient proof of the presence of atelectasis. Peiser (9) pointed 
out that, even in weakened children; the persistence of sections of the 
lungs in the atelectatic state is very rare and even after long-standing 
atelectasis bronchiectases are not always demonstrable. Probably 
what Heller was describing was a condition of agenesis of the alveolar 
parenchyma with a continued growth of the bronchi. This lesion 
Heuter believes to be aplastic bronchiectasis. 

The condition which we are attempting to describe clinically may 
produce this very picture of atelectatic bronchiectasis as described by 
Heller, for persistent inflammatory processes under certain circum- 
stances may wipe out all existing characteristics of the lung structure, 
and the underlying cause of the process may be obscure. 

Sauerbruch (10) bases his assumption that bronchiectasis is most 
often congenital upon the fact that the occurrence of congenital bron- 
chiectasis has been conclusively demonstrated by pathologists and that, 
in a great number of so-called inflammatory bronchiectases, close investi- 
gation of the clinical history almost invariably results in the revelation 
that the beginning of the disease reaches back to childhood. Mueller 
(11) does not agree with this, as he states that conclusively demonstrable 
congenital bronchiectases are and still remain a great rarity. The fact 
that bronchiectases appear in early childhood only points to the high 
incidence in early life of the most frequent causes of such acquired bron- 
chiectasis,—causes such as measles, pertussis and primary and secondary 
pneumonia. 

The so-called shrunken lobe, as we are going to describe it, has for 
many years been identified in X-rays of the chest by its peculiar triangu- 
lar outline, especially when the lower lobes are involved. It was 
Dieulafoy (12) who first described this triangular shadow in the lower 
portion of either side of the chest extending out from the mediastinum 
to the diaphragmatic borders. Associated with this X-ray finding, the 
patient usually had a large amount of sputum, which was, according to 
the author, due to mediastinal empyema. Herrnheiser (13) next de- 
scribed it as a dry mediastinal pleurisy. Armand-Delille (14) noticed 
this same triangular shadow associated with a definite saccular bron- 
chiectasis in the area bounded by the triangle. The patients described 
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by him as having this particular shadow had no symptoms of bronchiec- 
tasis and the lesions were discovered by accident. Guinon and Levesque 
(15) emphasized the fact that after bronchopneumonia children showed 
triangular shadows in the lower portion of either chest. They believed 
these shadows due to parenchymatous changes or to early bronchiectasis 
with chronic bronchopneumonia. These authors failed to prove, 
however, by means of lipiodol, definite bronchial dilatations in the trian- 
gular area in the two cases described. 

Singer and Graham (16) in 1925 showed that in many cases the bron- 
chiectatic areas showed themselves as triangular-shaped shadows, with 
their apices at the hilum and their bases resting on the diaphragm. In 
the cases which were operated on, these triangular shadows were found 
to represent atelectatic lobes with bronchiectasis. At the same time 
the authors were surprised to find that the other lobes had hypertrophied 
to such an extent that they filled out the chest-cavity and surrounded 
the collapsed lobe. 

In 1927 Rist and Jacob (17) noticed the frequency of these triangular 
shadows associated with bronchiectasis. Up to that time these had 
been most frequently diagnosed as mediastinal empyemata. Rist and 
Jacob described 7 cases and noted that the triangular shadows might 
be due to mediastinal pleurisy which was coincident with a broncho- 
pneumonia. The latter condition they considered to be the cause of 
the bronchiectasis. These authors also stated that the triangular 
shadows might be caused by chronic pneumonia with sclerosis of the 
lobe involved. Following this publication, Sergent and Bordet (18) 
described several more such cases associated with bronchiectasis. 

Debre and Marie (19) in 1927 reported a case of bronchiectasis with 
triangular shadows and discussed the contention of Rist that these 
shadows were due to mediastinal pleurisy, but they disagreed with him, 
as they observed the shadows disappearing in a few weeks. Apert and 
Tisserand (20) reported a case having a triangular shadow, which 
showed postmortem a shrunken bronchiectatic lobe corresponding to 
this density. 

Bezancgon (21) and co-workers in 1929 described two cases of bron- 
chiectasis with triangular shadows. In one case the shadow appeared 
nine years after the onset of the bronchiectasis and in the other the 
triangular shadow disappeared after bronchoscopy. The authors’ 
conclusions were that the triangular densities were not due to mediastinal 
pleurisy, as they disappeared on occasion, but to a splenopneumonia, 
which was either the cause or the complication of the bronchiectasis. 
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In an article published in 1930, Pinchin, e¢ al. (22) reported several 
cases of triangular shadows following pneumonia, which disappeared 
within a short time, and lipiodol injection later showed no evidence of 
bronchial dilatation. Four other cases, however, showed bronchiectasis 
within the triangular outlines. The authors thought that the clearing 
up of the collapsed areas was due to the free mobility of the chest and 
diaphragm and that the shrinking of a lobe occurred readily in those parts 
of the lung in which there was a deficiency of movement. The triangular 
shadow on the right side may in some instances be caused by the shrink- 
ing of an inferior accessory lobe, as shown by Velde (23) in a recent 
article. 

To summarize the literature briefly, we are able to say that the so- 
called shrunken lobe with bronchiectasis has been definitely recognized 
both clinically and pathologically for many years. At this time the 
aetiology of this pathological entity has not been definitely determined, 
but we can state that there is more evidence in favor of considering the 
so-called atelectatic lobe with bronchiectasis as an acquired rather than a 
congenital lesion. 


SHRUNKEN LOBES SECONDARY TO BRONCHOSTENOSIS 


In our first group of cases, we will endeavor to show that the shrunken 
lobe with its associated bronchiectasis was secondary to a bronchostenosis 
from enlarged parabronchial lymph nodes. Eloesser (24) has written 
recently concerning the réle which enlarged mediastinal and bronchial 
lymph nodes play in the causation of bronchial stenosis. In 1928 
Krampf (25) described bronchostenosis as one of the secondary causes 
of pulmonary shrinkage. We do not, however, contend that the lymph 
nodes, through pressure alone, may cause the stenosis with its resultant 
pulmonary changes for we believe that in many instances the infection 
in the nodes may invade the bronchus, and in so doing bring about 
pathological changes which not only destroy the physiological integrity 
of the bronchus but also spread infection further down the bronchial 
tree. 

Enlarged mediastinal and bronchial lymph nodes occur most frequently 
in childhood following different types of pulmonary infections such as 
tuberculosis and the bronchopneumonias. Claudia Petot (26) has 
shown anatomically that the lymph nodes to be most frequently en- 
larged and exert pressure on the bronchi in respiratory infections of 
childhood are those found surrounding the right stem-bronchus in 
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proximity to the origin of the bronchus to the right middle lobe. The 
bronchi of a child are more easily compressed than in the adult and their 
walls are more prone to be infected and destroyed. As the stenosis 
occurs through pressure of enlarged congested lymph nodes, the lobe 
or lobes behind this begin to shrink and, associated with this pulmonary 
shrinkage, one usually finds infection either primarily present in the 
lung and the cause of the enlarged nodes, or secondarily occurring by the 
invasion of the bronchial walls from the surrounding enlarged infected 
nodes. With this infection present behind a partial stenosis, the bron- 
chial walls are soon destroyed with the resulting bronchiectasis. When 
such an individual host grows into adult life or even before this, with 
symptoms referable to his respiratory tract, we then observe the 
pathological results of the above process. 

Our observations have shown such individuals to have large calcified 
parabronchial lymph nodes along the bronchus leading to the shrunken 
lobe, which usually on investigation shows bronchial dilatations. The 
reparative processes may be so complete as to remove entirely all traces 
of the previous stenosis, leaving only the calcified node as a clue to the 
cause of the pulmonary cirrhosis and bronchiectasis. Not all cases of 
this type of pulmonary collapse show bronchiectasis, for it has been 
clinically proved that lobes, atelectatic through lymphatic stenosis of 
the bronchus, may, after the acute enlargement of the nodes has dis- 
appeared, reéxpand without any residual bronchiectasis. A shrunken 
lobe can remain free from bronchiectasis for many years if the individual 
is fortunate enough to remain relatively free from respiratory or upper 
respiratory infections. 

We wish to emphasize again that we believe that the clinical entity 
of the shrunken lobe with bronchiectasis usually occurs in childhood, 
and that our attention is only drawn to it either by chance or through 
the symptoms of bronchiectasis appearing at that time or later in life. 
As to the causation of bronchiectasis, we heartily endorse the views of 
McNeil, e¢ al. (27) who have recently shown so clearly the steps in the 
formation of bronchiectasis in children. They believe that there is 
first a rather severe purulent bronchitis with an acute interstitial 
inflammation of the bronchial wall. Following this the lumen becomes 
filled with a purulent exudate and the lining epithelium of the bronchus 
is destroyed. Later as the infection progresses, other structures of the 
bronchial wall are destroyed, until in some cases the entire wall disinte- 
grates, leaving only a space bounded by consolidated alveoli. Later, as 
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Nature attempts to repair this damage, fibroblasts line this space along 
with new blood-vessels, which together form a layer of granulation tissue. 
This gradually organizes into a fibrous wall, and epithelium from healthy 
areas of the bronchus grow over the scarred portions making a new lining 
of cuboidal cells which replaces the normal ciliated epithelium. There 
is no regeneration of cartilage or elastic tissue in this new-formed wall. 
By this process of complete destruction of a portion of the bronchial wall, 
one can easily visualize how these bronchi are dilated and how, through 
the loss of their normal structure, they are unable to carry on the func- 
tion of pulmonary drainage. With only a fibrous wall remaining, the 
damaged bronchus is soon an easy prey to the different elements of 
pulmonary mechanics, such as pulmonary shrinkage, dilating forces 
behind a partial bronchial obstruction (Staehelin (28), Brauer (29)), or 
the pooled and stagnant secretions in dependent portions of the lobes. 

With the above review of the literature, we present the following 4 
cases which represent examples of pulmonary shrinkage with bronchiec- 
tasis due to enlarged parabronchial lymph nodes. 


Case 1: (Figures1to4.) O.P., male, aged 49, admitted April 17, 1933. 

Past Illness: No history of respiratory disease. 

Present Iliness: For the past two or three years patient has had cough, with 
whistle and wheezing and scanty mucopurulent sputum. The whistle and 
wheezing stopped one year ago after haemorrhoidectomy under ether anaes- 
thesia. Cough and scanty sputum have continued. Lost 10 pounds about 
one year ago but has gained slight amount since. No haemoptysis, fever or 
gastrointestinal symptoms. 

Physical Examination: Upper respiratory tract negative. There were 
diminished breath-sounds over the area of the middle lobe but no other sounds. 
Extremities: No clubbing of the fingers. 

Laboratory Examination: Sputum was negative. Urine was negative. X-ray 
of the chest showed a density involving lower third of right chest. Lateral 
plate showed shrunken, dense right middle lobe attached to pleura. Broncho- 
gram showed cylindrical bronchial dilatations limited to the shrunken right 
middle lobe. 

Bronchoscopic Examination: All bronchi were normal except the bronchus 
leading to the right middle lobe which showed a marked congestion with a 
moderate amount of foul, purulent discharge coming from it. Lumen ap- 
peared to be narrowed just inside the bronchial opening. 

Comment: Lobectomy was proposed in this case but, due to the economic 
factor, it was postponed until some time in the future. 
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Fic. 1. Case 1. Hazy density in the lower half of the right chest represents shrunken 
right middle lobe. Near the hilum in the area of the third interspace anteriorly can be seen 
three areas of calcification embedded in an enlarged peribronchial lymph node surrounding 
the stem-bronchus leading to the right middle lobe. 

Fic. 2. Case 1. Lateral plate of the same case, showing marked shrinking of the right 
middle lobe. The areas of decreased density in this lobe represent dilated bronchi. 

Fic. 3. Case 1. Lipiodol injection showing bronchial dilatations limited to the shrunken 
right middle lobe. 

Fic. 4. Case 1. Lateral plate of the same case showing lipiodol injection of the dilated 
bronchi of the shrunken right middle lobe. 
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Case 2: J. K., male, aged 35, admitted April 26, 1929. 

Past Illness: No history of respiratory disease. 

Present Iilness: Patient has had productive cough for two weeks. Sputum was 
not foul. Never has had haemoptysis. 

Physical Examination: Upper respiratory: Showed deviated septum, large 
turbinates. Definite chronic otitis media on left side. Lungs: There was 
slight amount of diminished resonance in lower anterior axillary region on right 
side. There was no change of breath-sounds over this region but a few fine 
rales could be heard after coughing. Extremities: No clubbing of fingers. 

Laboratory Examination: Sputum 1 oz. daily. This was not foul and showed 
no evidence of tuberculosis. 

X-rays of the sinuses were negative. X-ray of chest showed homogeneous 
shadow in midfield of right lung, outlining what was supposed to be a shrunken 
right middle lobe. Along course of bronchus leading to this lobe could be 
plainly seen an enlarged bronchial lymph node. Lipiodol injection showed a 
definite cylindrical dilatation of the bronchi in right middle lobe. The out- 
line of this lobe showed it to be smaller than usual. Bronchoscopic Examina- 
tion: Slight amount of non-foul purulent secretion coming from right middle- 
lobe bronchus. 

Comment: Surgery not advised. 


Case 3: (Figures5 to7.) H. J., female, aged 19, admitted July 11, 1932. 
Past Iliness: No respiratory diseases, except for fleeting pleuritic pains in 
right chest for past ten years. 

Present Illness: Has had dry cough for past two years. No temperature 
elevation; no haemoptysis. 

Physical Examination: Upper respiratory tract negative. Lungs: There 
was slight dulness from fifth to sixth rib in lower right anterior axillary region, 
extending anteriorly to midclavicular line and from third to sixth ribs. Over 
this area were diminished breath-sounds, but no rales. No clubbing of the 
fingers. 

Laboratory Examination: Sputum negative for tuberculosis. 

X-rays of sinuses negative. Lungs: X-ray of lungs showed dense homo- 
geneous shadow in right side, with its upper margin horizontal and limited 
by the fissure between the right upper and right middle lobes. Its lower bor- 
der was circular in outline and extended over area occupied by middle lobe. 
There was a small margin of aerated lung tissue between lower border of this 
shadow and diaphragm. In right hilum at level of origin of right middle-lobe 
bronchus could be seen a calcified shadow resembling a parabronchial lymph 
node. An oblique plate showed a band-like shadow in region of lower half 
of the fissure between the middle and lower lobes. This was interpreted as an 
accumulation of pus in the interlobar fissure. 
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Fic. 5. Case 3. Calcified peribronchial lymph nodes can be seen surrounding the right middle-lobe bronchus. The hazy outline of the 
partially shrunken right middle lobe can be identified. This X-ray was taken after bronchoscopy which procedure increased the aeration in the 
partially collapsed middle lobe. 

Fic. 6. Case 3. Lateral plate showing the dense shadow caused by the shrunken right middle lobe, 


Fic. 7. Case 3. Showing the dilated bronchi in the shrunken right middle lobe, 
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Comment: Because of X-ray findings, an exploratory aspiration was per- 
formed, to ascertain whether the shadow was due to an interlobar empyema. 
Two drops of pus were obtained and this on culture was shown to contain 
Streptococcus haemolyticus. Because of the above findings an exploratory 
thoracotomy was performed by Dr. Frank Berry, but nothing was found 
except a shrunken cirrhotic middle lobe. Because of our findings in the two 
previous cases, we immediately performed bronchoscopy, which showed some 
calcified material at the origin of the right middle-lobe bronchus and par- 
tially occluding it. Following this examination, there was a partial aeration 


Fic. 8. Case 4. The left lower lobe is represented by the triangular shadow behind the 
heart. Limited to this lobe can be seen definite bronchial dilatations. In the left hilum is 
an enlarged lymph node which no doubt was a factor in the collapse of the left lower lobe. 


of the middle lobe, together with a slight increase in the amount of sputum. 
Lipiodol injection was done and showed definite bronchial dilatations limited 
to the right middle lobe. 


Case 4: (Figure 8.) J. K., female, aged 15, admitted September 14, 1926. 

Past Iliness: Pneumonia at the age of two years associated with whooping- 

cough. 

Present Illness: Patient had a slightly productive cough for the past six months. 
Physical Examination: Upper respiratory: Showed chronic maxillary sinu- 
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sitis. Lungs: There were signs of consolidation over the left lower lobe. No 
clubbing of fingers. 

Laboratory Examination: Patient was raising a small amount of nonfoul 
putum, which was negative for tuberculosis. 

X-rays of sinuses showed pus in both antra. X-ray of the lungs showed a 
triangular shadow behind heart in left lower chest. Associated with this 
could be seen an enlarged noncalcified lymph node in left hilum. Lipiodol 
howed sacculated bronchial dilatations limited to the triangular shadow which 
was interpreted as the shrunken left lower lobe. Bronchoscopy not performed. 


In summarizing the above four cases, we wish to call attention to the 
following facts: 

In cases 1, 2 and 3 there is a definite clinical entity in that none of 
them showed a definite respiratory disease in their history, and that 
the lesions were all limited to the right middle lobe as proved by X-ray, 
bronchoscopy and lipiodol injections. They also showed an enlarged 
lymph node located along the course of the bronchus leading to the right 
middle lobe and in one case the node was seen to be invading the bron- 
chus. The clinical history in these cases gave no clue to the diagnosis of 
chronic bronchiectasis. In case 4, which gave a history of pneumonia 
in childhood, we believe that there was a combination of forces which 
caused the pulmonary shrinkage. The pneumonitis in early childhood 
probably caused the lymphatic enlargement, and this in turn was instru- 
mental in precipitating the shrinking of the left lower lobe. The exact 
mechanics of this we will defer until later, but we do wish to emphasize 
this case because it is a connecting link between this group of cases and 
the following one. 


SHRUNKEN LOBES SECONDARY TO CHRONIC INFLAMMATION OF THE LUNG 


Kampf described as two of the causes of primary inflammatory 
cirrhosis those cases which showed pulmonary shrinkage after pneumo- 
nias and after abscesses. MacCallum (30) has shown that in strepto- 
coccus infections of the lungs of children there is a distinct tendency 
toward the production of interstitial processes. In fact, in measles and 
in grippe pneumonias, the interstitium is so extensively involved that 
he called them interstitial bronchopneumonias. This type of pneumonia 
occurs more frequently in children than in adults because the peri- 
bronchial and septal connective tissues are relatively more abundant. 
Besides this interstitial proliferation there is present many times an 
organization of the exudate in the alveoli or the invading of the alveoli 
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by interstitial tissue from the lung septa. Lauche (31) in his admirable 
article states that marked thickening of the septa frequently produces 
compression of the alveoli and these may become entirely confluent 
with disintegration of the alveolar epithelium. 

Following childhood pneumonias, it has many times been noted that a 
lobe or lobes of the lung have been shown by X-ray to shrink and become 
almost entirely atelectatic. This pathological state seems to us to be 
due to a combination of the increased interstitial tissue, together with 
its increased elastic tension, as demonstrated by Van Allen (32), grad- 
ually causing the entire lobe of the lung to shrink and become cirrhotic. 

Dr. Adrian V. Lambert recently performed a lobectomy on a young 
girl who was suffering from this particular condition. He removed the 
right middle lobe and this was found to be shrunken and firm. Micro- 
scopical sections showed a very early increase in the interstitium and a 
beginning organization of the alveolar exudate. These pulmonary 
changes followed a lobar pneumonia which this patient had had four 
months before operation. This type of organizing pneumonia has been 
estimated by Fraenkel (33) and others as occurring in one case out of 
every Six. 

Why some exudates in the lung fail to resolve and are replaced by 
proliferative connective tissue is a question which is still unanswered, 
although Kampf has proved experimentally that interference with the 
blood-supply of a lobe or lobes will cause a definite shrinkage and organ- 
ization of the part affected. 

After a section of the lung becomes shrunken due to the above causes, 
we again encounter bronchiectasis as an accompanying condition. 
This may develop before or after the lobe has become atelectatic, de- 
pending on the infection present. 

Before going on to the intimate review of the next cases, we would like 
to show X-rays of another case, which demonstrates very clearly the 
collapse of the lobe, due, as we think, to a combination of increased 
interstitial tissue from a previous bronchopneumonia and to a partial 
stenosis from an enlarged peribronchial lymph node. 


This patient was a young girl of fifteen who had contracted what we diagnosed 
as a chronic bronchopneumonia located in the left lower lobe (figure 9). 
She was sick with this infection for many months, during which time she ran a 
fever, and had a dry cough and occasional attacks of pain over her left chest 
laterally. The serial X-rays (figures 10 & 11) showed the left lower lobe 
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Fic. 9. Case A. J. In the lower third of the left chest can be seen conglomerate soft 
shadows representing a basal bronchopneumonia. 

Fic. 10. Case A. J. Three weeks later, showing the partially collapsed left lower lobe. 
Intralobar fissure now visible. 

Fic. 11. Case A. J. Same case showing further collapse of left lower lobe and swelling in 
left hilum due to enlarged peribronchial lymph node. 

Fic. 12. Case A. J. Left lower lobe is almost completely collapsed and is represented by 
the triangular shadow behind the heart. The enlarged peribronchial lymph node can be 
seen in the left hilum. This X-ray was taken eight months after the onset of the broncho- 
pneumonia. 
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gradually collapsing until in figure 12 it has shrunk to its fullest extent. Figure 
12 also shows the enlarged peribronchial lymph node secondary, no doubt, 
to the lesion in the left lower lobe. 


We unfortunately were unable to prove the presence of bronchiectasis in 
this case as the patient left this country before the procedure could be 
done. However, we present it to show the possible mechanism of the 
collapse of a lobe, combining bronchial stenosis with interstitial changes. 

The following cases appear to us to be caused by pulmonary shrinkage 
secondary to changes in the interstitial and alveolar tissues following 


childhood pneumonia: 


Case 5: R. F., female, aged 13, admitted December 7, 1925. 

Summary of History: Pneumonia in 1915 and 1917 at ages of 3 and 5, re- 
spectively. Since then has had frequent acute respiratory episodes, with 
large amount of sputum which has been foul for the past year. 

Physical Examination: On admission was acutely ill, dyspnoeic, and cya- 
notic with temperature 104°. Coughed frequently, raising foul sputum which 
amounted to 16 oz. daily. Signs of chronic sinusitis associated with consoli- 
dation of both lower lobes and right upper lobe. There was clubbing of the 
fingers and the toes. 

X-ray of chest shows bilateral basal shadows together with patches of 
bronchopneumonia throughout both lung fields. Lipiodol injection of both 
lower lobes outlined bilateral sacculated bronchiectasis limited to area of 
triangular shadows. 

Comment: After several attacks of cardiac failure, patient died September 
10, 1926. No autopsy. 


Case 6: (Figure 13.) D.R., male, aged 13, admitted February 19, 1929. 

Summary of History: Pneumonia in left lung in 1923 at age of 6, complicated 
with empyema which was drained. Since then patient has had productive 
cough with foul sputum for past year. 

Physical Examination: Patient critically ill on admission, but not cyanotic 
or dyspnoeic. Temperature normal. Coughing frequently and raising foul 
sputum, amounting to 8 to 10 oz. daily. There were signs of consolidation 
with cavernous breathing over left lower posterior chest. No clubbing of 
fingers. 

X-ray showed triangular shadow in left lower chest behind the heart which 
organ was retracted-into-that side. Lipiodol injection demonstrated a saccular 
bronchiectasis in left lower lobe. Bronchoscopy showed a thickened carina 
with red oedematous mucosa. Further examination was impossible on account 
of bleeding. 
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Comment: Lower thoracoplasty was performed on left side, April 23, 1929. 
Following this, a lobectomy of the left lower lobe on May 7, 1929. Follow-up 
showed patient to be doing well. 


Case7: F.B., female, aged 14, admitted July 11, 1927. 

Summary of History: Pneumonia in left lung in 1918 at age of 5 and another 
acute respiratory infection in 1925. Since latter illness, cough and expectora- 
tion have developed. Sputum foul for past two months. 


Fic. 14 
Fic. 13. Case 6. Lipiodol showing definite bronchial dilatations in the shrunken left 


lower lobe. 
Fic. 14. Case 8. Bilateral triangular shadows due to the shrinking of both lower lobes 
secondary to a bronchopneumonia in childhood. Definite bronchiectasis can be seen on both 


sides. 


Physical Examination: On admission patient was seen to be apparently 
well developed, not sick, not dyspnoeic; nor was she cyanotic. She had 
slight cough, productive of 4 oz. of sputum daily. Over the left lower chest 
posteriorly were many coarse moist rales. No clubbing of fingers. 

X-ray of lungs shows triangular shadow in left lower chest behind heart. 
Lipiodol injection demonstrated saccular triangular dilatations in left lower 
lung limited mostly to triangular area. 
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Comment: Patient left hospital one month later against advice and was not 
followed up. 


Case 8: (Figure 14.) J. F., male, aged 19, admitted December 15, 1925. 

Summary of History: Patient had pneumonia in 1924 at age of 19, and since 
then has had chronic cough and has been slightly dyspnoeic. Following an 
acute coryza some months ago, patient noticed an increase in cough and 
expectoration. 

Physical Examination: On admission patient was seen to be critically ill, 
and slightly dyspnoeic, with a temperature of 101°. He was coughing fre- 
quently and raising foul sputum, which amounted to 25 to 30 oz. daily. There 
were signs of consolidation over both lower lobes. Clubbing of fingers. 

X-ray of lungs show bilateral] triangular shadows. Lipiodol injection 
demonstrated sacculated bronchiectasis of both lower lobes, limited to out- 
lines of shadows mentioned above. Bronchoscopy showed a large amount 
of pus coming from all the bronchi, with a very marked dilatation in the left 
lower main bronchus. 

Comment: Patient did not improve on postural drainage, but his genera! 
condition seemed better after five bronchoscopic treatments. There was, 
however, no decrease in expectoration. 


Case 9: P. A., male, aged 20, admitted February 11, 1931. 


Summary of History: Patient had pneumonia in 1926 at age of 15. Cough 
and expectoration began five years after that, with haemoptysis on July 31, 
1931. 


Physical Examination: On admission the patient seemed to be a well- 
developed and well-nourished male, coughing frequently and productive of 
foul sputum 10 to 12 oz. There were signs of consolidation over the left chest 
posteriorly, with retraction of the chest-wall. No clubbing of the fingers. 

X-rays of the sinuses showed definite disease in the ethmoids and both antra. 
X-ray of the chest showed a triangular shadow behind the heart on the left 
side, with sacculated dilatations of the bronchi as shown by lipiodol. 

Comment: Patient refused lobectomy. 


Case 10: V. D., female, aged 27, admitted January 12, 1931. 

Summary of History: Pneumonia in early childhood following pertussis, 
with cough and expectoration since that time. Haemoptysis in 1927 and 
for this she “cured” in a sanatorium for four years for tuberculosis, notwith- 
standing the fact that she had always had a negative sputum. Pneumonia 
again in 1929. 

Physical Examination: Chronically ill female, coughing up about 5 oz. of 
purulent sputum a day, which proved to be positive for tubercle bacilli. 
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There were signs of consolidation over right lower lobe, with medium moist 
‘Ales scattered throughout left lung. No clubbing of fingers. 

X-ray of lungs in 1927 showed a triangular shadow in right lower lobe, and 
no definite changes in the left lung. X-ray of the chest on admission to our 
ward showed that, besides the triangular shadow, there were diffuse patchy 
iesions in the left upper lobe. Lzipiodol injection demonstrated a sacculated 
bronchiectasis in right lower lobe and a cylindrical type in left lobe. X-rays 
of the sinuses showed definite disease in right antrum. 


Case 11: T. McG., male, aged 29, admitted March 8, 1929. 

Summary of History: Had bronchopneumonia in 1928 with cough and 
expectoration since that time. Admitted to our chest clinic at Bellevue 
Hospital for examination. Shortly after this our X-rays showed no disease 
in the chest and several scattered sputa were negative for tuberculosis. Late 
in 1928 patient developed signs over left lower chest, and X-rays taken then 
showed a definite triangular shadow in that area behind the heart. Expecto- 
ration became foul and there was beginning clubbing of the fingers, which first 
appeared in January, 1929. 

Physical Examination: Well-developed male, with frequent cough and 
expectoration. Sputum amounted to 12 oz. daily. This on smear was posi- 
tive for tuberculosis. Over the left lower lobe there were signs of consolidation 
associated with cavernous breath-sounds. 

X-ray of chest showed diffuse opacity with high lights throughout left chest, 
which was markedly retracted, with a definite ascension of the diaphragm and 
retraction of the heart and mediastinum. Lipiodol injection demonstrated 
sacculated bronchiectasis in left lower lobe. X-ray of maxillary sinuses 
showed definite disease. 

Comment: Phrenicectomy was performed, and later thoracoplasty was 
completed in three stages, following which there was a definite decrease in the 
amount of sputum, which lost its foul odor and has been persistently negative 
since that time. 


Case 12: S. K., male, aged 42, admitted April 13, 1932. 

Summary of History: Progressive onset, beginning early in 1931, of cough 
and expectoration. Definite haemoptysis two months before admission. 

Physical Examination: Patient chronically ill on admission. Had pro- 
ductive cough, with 10 oz. of non-foul sputum daily. Temperature fluctu- 
ated between 100° and 103°. Had signs of consolidation over left lower lobe 
and numerous medium moist rales scattered throughout right lung. 

X-ray of lungs showed triangular shadow behind heart on left side, asso- 
ciated with disseminated soft, patchy lesions throughout right lung. Lipiodol 
injection revealed cylindrical dilatations behind heart in area of triangular 
shadow. No disease of the sinuses. 


{ 
a 
| 
Md 
Fy 
i 


310 OSWALD R. JONES AND ANDRE COURNAND 


Comment: Patient did not improve well on our service and left the hospital 
against advice after a few weeks. 


Case 13: H. H., male, aged 53, admitted May 5, 1931. 

Summary of History: Patient had acute respiratory disease at age of 13 in 
1890, and attack of bronchopneumonia in 1929. Since that time has had 
foul expectoration, amounting to about 10 oz. daily. 

Physical Examination: Chronically ill man with cough productive of 10 oz. 
of foul sputum daily. He was dyspnoeic and had a slight fever. Dulness 
over left lower chest posteriorly, associated with diminished breath-sounds 
and no rales. Slight clubbing of fingers of right hand. 

X-ray of chest showed triangular shadow behind heart on left side. Lipiodol 
injection revealed sacculated dilatations in left lower lobe and definite cylindri- 
cal ones in right lower lobe. Bronchoscopy showed pus coming from left lower 
bronchus. 

Comment: Patient left our service against advice after two weeks. 


Case 14: T. W., female, aged 21, admitted July 16, 1929. 

Summary of History: Patient had definite posttonsillectomy abscess of lung 
in April, 1929. Since that time has had cough, associated with 6 oz. of foul 
sputum daily, and occasionally streaked with blood. Has had transient pains 
in left chest. 

Physical Examination: On admission patient was seen to be slightly ema- 
ciated; coughing and raising about 4 oz. of sputum a day. Over the left chest 
posteriorly, there were signs of consolidation. No clubbing of fingers. 

X-ray showed triangular shadow behind heart. Lipiodol injection demon- 
strated cylindrical dilatations in that area. Bronchoscopy performed later 
showed the left bronchus much smaller than normal. No improvement after 
several bronchoscopies. 

Comment: Lobectomy was performed later, and the patient died following 


the operation. 


Case 15: H. W., female, aged 25, admitted July 3, 1930. 

Summary of History: Patient had posttonsillectomy abscess in right lung, 
with progressive cough and 10 oz. of foul sputum daily since that time. 

Physical Examination: Chronically ill patient, coughing and raising about 
10 oz. of foul sputum a day. Has signs of consolidation over the right lower 
lobe posteriorly. Definite clubbing of fingers. 

X-ray of lungs showed triangular shadow in right mediastinal phrenic angle. 
Lipiodol injection demonstrated sacculated dilatations of the bronchi in that 
area. Bronchoscopy revealed pus coming from right lower-lobe bronchus. 
No foreign body seen on this examination. 
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Comment: Patient definitely improved after supervision of postural drainage, 
hut refused a radical operation and was discharged from the clinic. 


Case 16: R. H., female, aged 15, admitted January 5, 1927. 
Summary of History: Patient aspirated a grain of corn at the age of 4. 

Since that time has had a cough, with foul sputum amounting to several 
unces a day. 

Physical Examination: On admission patient was seen to be an under- 
nourished female, coughing and raising 5 to 10 oz. of foul sputum. Had 
definite signs of consolidation over right lower lobe, with a few fine moist rales 
scattered over left lower lobe. 

X-ray of chest showed triangular shadow in right mediastinal phrenic angle. 
Lipiodol injection demonstrated sacculated dilatations in right lower lobe. 
Bronchoscopy showed pus coming from the right lobe. 


In summarizing the above cases, we find that eight of them developed 
their lesions following some type of pneumonia. In four the respiratory 
disease occurred in early childhood before the age of six, and in three the 
pneumonitis developed later on, in adolescence, between the ages of 
fifteen and twenty. In one case the patient gave a history of pneumonia 
at thirteen and another episode at fifty-one years. Among the remaining 
four cases, two were due to an abscess following tonsillectomy and in 
one of these the bronchiectasis was noted three months after the onset 
of the abscess. The third case was due to an abscess resulting from the 
aspiration of a foreign body during childhood. The remaining cases 
gave no history of a respiratory infection, and the aetiological factor was 
obscure. 

As we mentioned earlier, the congenital origin of atelectatic bronchiec- 
tasis has not been proved. However, the following two cases are pre- 
sented as being the only ones in our series which might possibly be con- 
sidered as being caused by some congenital anomaly. 


Case 17: (Figures 15 & 16.) V.H., female, aged 25, admitted March 21, 1931. 
Summary of History: Patient has had a cough since early childhood, to- 
gether with increased expectoration which has become more profuse in recent 


years. 

Physical Examination: On admission the patient was chronically ill, with 
cough and foul expectoration amounting to several ounces daily. Associated 
with this she had a definite chronic sinusitis. Over the left chest posteriorly, 
were signs of consolidation with many medium moist rales. ‘he heart was 
located in the right chest. 
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Fic. 15. Case 17. The triangular shadow in the left lower chest is due to a shrunken lower 
lobe. Cyst-like shadows can be seen scattered throughout the left upper lobe; these were 
thought to be due to a possible obstructive emphysema. This case was proved to have a 
situs invertus and the lung changes may have been due to a congenital anomaly. 

Fic. 16. Case 17. Same case showing definite saccular bronchial dilatations in the 
shrunken left lower lobe. 

Fic. 17. Case 18. This is a case similar to case 17, with the heart on the right side, but 
with a shrunken right lower lobe. Cyst-like shadows can be seen scattered throughout the 
right upper lobe. The pulmonary lesions may be due to a congenital anomaly. 

Fic. 18. Case 18. Because of the difficulty in outlining bronchial dilatations on the 
posteroanterior plate, the above oblique picture is reproduced to show the dilated bronchi 
in the shrunken right lower lobe. 
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X-ray of the chest showed definite triangular shadow behind the heart, and 
above this scattered throughout the remaining part of the chest were numerous 
angulated cyst-like shadows. There was a definite dextrocardia associated 
with a situs invertus. Lipiodol injection demonstrated definite sacculated 
bronchiectasis limited to the triangular shadow in the left chest. 


Case 18: (Figures 17 & 18.) 
july, 1932. 

Summary of History: Patient has had a dry cough since the age of three 
months and associated with this has had transient pains in the right chest. 
Was told that she had trouble in the right lung ever since the age of three 
months. For this latter symptom she sought treatment in our clinic. 

Physical Examination: Patient was in excellent general condition. Had a 
slight cough but no sputum. Posteriorly over right lower lobe were signs of 
consolidation. Heart-beats were transmitted through this area of consolida- 
tion to the right posterior chest. Heart on percussion was found to be entirely 
in the right chest. 

X-ray of chest showed a triangular shadow in right mediastinal costal angle 
and above this were scattered irregular circular shadows throughout remaining 
portion of that lung. Heart was definitely in the right chest, and its outline 
blended with the outlines of the triangular shadow. Lipiodol injection re- 
vealed dilatations limited to the triangular area in the right lower chest and 
some of this lipiodol could be seen entering one of the cyst-like shadows above 
described. 

Comment: Patient refused further study and was not followed up. 


D. R., female, aged 23, admitted to Chest Clinic, 


Both of these a ses showed shrunken lower lobes together with defi- 
nite bronchiectasis. The free lobes on the affected sides in each showed, 
on X-ray examination, peculiar ring-like shadows which we inter- 
preted as being due to an obstructive emphysema. In none of our 
other cases did the free lobe on the affected side show any such changes. 

The lung condition in each case was combined with a dextrocardia, 
definitely proved in case 17 and suspected in case 18. There was no 
history of pneumonia in childhood in either case: case 17 seeking medical 
advice for a productive cough of two years’ duration, while case 18 
came to our clinic because of pain in her right chest and a dry cough 
since the age of three months. 


TREATMENT 


We believe that there are two methods of treatment; preventive and 
curative. By the preventive method, we mean that in childhood, 
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through the early recognition of the shrunken lobe due to broncho- 
stenosis and through the prompt treatment of this condition by appro- 
priate bronchoscopy, many individuals will be spared the development 
of this pathological entity into a chronic bronchiectasis. If the collapse 
of the lobe appears to be permanent, then we must rely on our ability 
to keep the individual free from upper respiratory and respiratory dis- 
ease in order to prevent, if possible, the development of bronchicctasis 
in the affected lobe. 

The curative method lies in surgery alone, for only by the removal of 
the shrunken bronchiectatic lobe can we hope for a complete restoration 
of the health of the individual. We believe that a lobectomy should be 
performed as soon as possible, for without such a procedure the patient 
with a fibrous bronchiectatic lobe has a short expectancy of life due in 
most instances to the ever-recurring pulmonary infections. Repeated 
exacerbations of this chronic disease have a tendency to cause infection 
in the opposite lower lobe and, by so doing, have been instrumental, in 
some of our cases, in the spread of the bronchiectasis into the contra- 
lateral side. When this occurs, surgery is of no avail and the patient is 
doomed to a life of invalidism. 


DISCUSSION 


It has been our purpose in this article to present, as an entity, the 
shrunken pulmonary lobe with chronic bronchiectasis, and to prove by 
clinical observations two probable mechanisms in the causation of 
pulmonary shrinkage, namely, bronchial stenosis and chronic inflamma- 
tion of ths lung. In many instances, there exists no doubt a combina- 
tion of these two pathological states, as shown by one of our cases. 
We are inclined to believe that, besides the stenosis of a bronchus from 
outside pressure due to congested lymph nodes, the loss of the normal 
bronchial function and the inflammation of the bronchial tree by infec- 
tion from the lymph nodes are very definite factors in the causation of 
bronchiectasis. 

We are fully aware that there are many other causes of bronchial 
stenosis, with the resultant pulmonary shrinkage, but we have purposely 
omitted discussing them, as the cases presented in this article seem to us 
to be attributable to the above two causes. The question of the con- 
genital origin of this condition we have thoroughly discussed in the text, 
but we wish to call particular attention to the last two cases for they 
appear to us to present more evidence in favor of being congenital than 
did any of our other cases. 


SHRUNKEN LOBE WITH BRONCHIECTASIS 


SUMMARY 


1. A review of the literature reveals more evidence in favor of the 
theory that a shrunken pulmonic lobe with bronchiectasis is an acquired 
rather than a congenital lesion. 

2. Bronchostenosis from enlarged peribronchial lymph nodes, as one 
of the causes of the shrunken pulmonary lobe with chronic bronchiectasis, 
is discussed, and 4 cases are presented to substantiate this observation. 

3. Chronic pulmonary inflammation, as another cause of pulmonary 
shrinkage with bronchiectasis, is discussed, and 12 cases showing this 
are reported. 

4. A series of X-ray pictures of the lungs is presented, showing the 
gradual collapse of the left lower lobe, due to enlarged peribronchial 
lymph nodes combined with an intrapulmonary lesion. 

5. Two cases of chronic bronchiectasis with shrunken lobes due to 
possible congenital causes are shown but not proved. 

6. Prophylactic and curative treatment of the shrunken bronchiectatic 
lobe is discussed. 
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THE HEART AND TUBERCULOSIS! 


Mediastinal Distortion as a Source of Circulatory Embarrassment 


DANIEL M. BRUMFIEL? 


Certain clinical observations during the past few years have impressed 
the author with the idea that mediastinal distortion, as seen occasionally 
in chronic pulmonary tuberculosis, may cause circulatory embarrassment. 

The term, mediastinal distortion, is offered to indicate marked perma- 
nent displacement of ail or of a part of the mediastinal structures toward 
one, or the other, side. The terms in current use, such as “mediastinal 
shift,” “displacement of the mediastinum,” are expressive and exact, but 
for the purposes of this article they are too explicit, inasmuch as they 
cannot well be applied to those conditions in which only a part of the 
mediastinal contents is displaced. Examples of this, as well as of dis- 
placement of the entire mediastinum, are encountered and the term 
“mediastinal distortion”’ will be used comprehensively to include all such 
intrathoracic deformities. Inferences will be made from the evidence 
presented by these cases as to the possible interrelationship between such 
abnormalities and circulatory embarrassment. It seems obvious that 
these visceral deformities must result in torsion and angulation of the 
great vessels, particularly the venae cavae, and that the relationships and 
tension of the cardiac nerves likewise must be disturbed. The observa- 
tions indicate that serious and permanent circulatory disturbance may 
arise as the resuit of distortion of the mediastinum. 

Sudden or rapidly developing displacements are generally. recognized 
as causing symptoms of circulatory embarrassment. The original con- 
ception that this symptom-complex is due exclusively to the sudden 
decrease in lung volume is gradually undergoing modification to include 
the idea that the associated displacement of the mediastinal organs may 
be a large factor. This is seen in patients suffering from such conditions 


1 Acknowledgment is made to the Saranac Laboratory for the Study of Tuberculosis and 
to the Roentgen Laboratory of the Trudeau Sanatorium for the liberal use of their facilities. 
Without this assistance the preparation and illustration of this article would have been 
impossible. 
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as spontaneous pneumothorax, rapidly developing large pleural effusions, 
and postoperative massive atelectasis. In each of these the patient 
develops dyspnoea, orthopnoea, cyanosis, palpitation and tachycardia. 
The pulse is not only rapid but is frequently of poor quality and arrhyth- 
mias may or may not be present. Precordial pain may also occur. 
While not absolutely universal, these symptoms accompany acute 
mediastinal displacement with sufficient regularity that the rapid de- 
velopment of such a syndrome in any patient, not already known to have 
cardiac damage, should lead the physician at once to suspect a shift of 
the mediastinum. This has been well established in the last few years 
by the many excellent studies of postoperative collapse. 

In all of the above, the symptoms of cardiac embarrassment disappear 
coincident to the return of the heart to its normal position. 

Not so widely recognized, however, is the idea that slowly developing 
and permanent displacement of the mediastinal structures may also give 
rise to symptoms of cardiovascular disturbance. Bosco (1) in 1930 
called attention to the fact that displacement of the heart may cause 
symptoms. He noted particularly palpitation and precordial pain. He 
reported observations, both clinical and electrocardiographic, on a series 
of cases. Morriston Davies (2) in 1928 had made similar clinical obser- 
vations in his discussion of phrenic exairesis. In one group of patients 
with displaced hearts he found symptoms of cardiac embarrassment, 
principally dyspnoea and pain. Giinther (3) had already reported 
similarly in 1927, one case with persistent tachycardia, although the 
patient was afebrile. Clayton (4) more recently (1932), in writing on 
the same subject, mentions the persistent tachycardia as well as 
palpitation. 

In the author’s own observations the most outstanding symptom was 
dyspnoea, to a degree not warranted on a purely respiratory basis. This 
shortness of breath is found to be wholly out of proportion to the amount 
of lung tissue that has been put out of commission by the disease-process, 
or, as is sometimes true, makes its appearance months or years after 
progress of the pulmonary disease has become arrested. Next to dys- 
pnoea in frequency and importance is palpitation. This is found to be 
the subjective expression of one of two conditions, either tachycardia in 
an overactive heart, or a condition of arrhythmia. The latter is usually 
found to be ventricular premature contractions, often occurring in 
attacks or paroxysms. Ease of fatigue and weakness, out of proportion 
to the extent of the pulmonary disease or its degree of activity, have been 


MEDIASTINAL DISTORTION 319 


encountered. In only one patient was pain a prominent symptom, but 
in this case it has been of great persistence and severity. 

These commonest symptoms correspond to those found in the con- 
ditions of functional disturbance of the heart and the eariy stages of 
circulatory embarrassment, well described by the term “symptomatic 
cardiac insufficiency.” In the few cases of myocardial failure the symp- 
toms were those classical of cardiac decompensation. 

While many individuals with such mediastinal distortion apparently 
suffer no ill effects and may lead active and even strenuous lives for many 
years with no symptoms referable to the circulatory system, the evidence 
is nevertheless suggestive that serious consequences do arise in a great 
many more cases than are suspected at present by either phthisiologists 
or cardiologists. It seems more than a coincidence that, of 15 consecu- 
tive patients in whom a diagnosis of mediastinal distortion was made by 
physical examination and X-ray, twelve consulted the writer specifically 
because of “heart trouble.” The other three patients were found to have 
cardiac disturbances as a basis for their symptoms, but were not yet 
aware of that fact. 

It is quite understandable that human beings should display the same 
individual variation in physiological readjustment to this particular 
abnormality that they do to others. As a result, some may gradually 
make such perfect adjustment to the insidious shift of the mediastinum 
with its coincident derangement of the great vessels and nerves that 
circulatory symptoms never ensue. Others experience a definite circula- 
tory handicap, which unfortunately may not become manifest until a 
considerable time has elapsed. Clayton (4) notes this same fact and 
points out that the heart tolerates the new position well at first and that 
a slight displacement is too often allowed to become more pronounced in 
the hope that it will be well borne. 

So far we have no criteria by which we may predict which individuals 
with mediastinal distortion will develop these cardiac disturbances. 
This in itself makes the danger all the more insidious and increases the 
importance of preventing such deformities when possible. The fact that 
certain of these deformities may be preventable and that others are 
subject to surgical relief makes the discussion of the subject timely. 

Some contributions have already been made upon the question of 
surgical relief. Among the authors previously quoted, both Giinther 
(3) and Morriston Davies (2) have reported favorable results with evul- 
sion of the phrenic nerve. In the case reported by Giinther the heart 
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moved back 1.5 cm. toward its former position within five weeks following 
phrenicectomy. Morriston Davies’s patient was relieved of all symp- 
toms of cardiac embarrassment and returned to her regular occupation 
of nurse six months after operation. Clayton’s recent article (4) deals 
entirely with the problem of the displaced heart, both as to cause and 
treatment. He admits the place of phrenic evulsion in the treatment of 
the condition when definitely established, but prefers to first attempt to 
restore the mediastinum to its original position by deep-breathing exer- 
cises. He cites cases illustrating the success of this procedure, and urges 
that such respiratory exercises be employed routinely as a preventive 
measure in all cases in which mediastinal displacement is likely to occur 
in the natural course of events. 

It is obvious that this condition is not confined to persons suffering 
from pulmonary tuberculosis; it may arise as the result of any intra- 
thoracic pathological condition which is capable of producing a positional 
deformity of the heart and adjacent organs. Yet, inasmuch as tuber- 
culosis is the commonest agent in causing extensive and chronic pulmo- 
nary disease, it is in this group of patients that this phenomenon is 
encountered with the greatest frequency. 

Among the tuberculous this mediastinal distortion may be brought 
about in any one of several ways: by (1) aéelectasis, due to bronchial 
obstruction, (2) pleural effusion, (3) fibrosis, and (4) artificial pneumo- 
thorax. 

(1) Atelectasis: One of least common development is that following 
atelectasis of one lung, or an entire lobe, through occlusion of a bronchus 
by granulation-tissue or cicatrization. Here the mediastinum migrates 
toward the affected side, with compensatory hyperexpansion of the oppo- 
site lung and elevation of the hemidiaphragm, to make up for the reduced 
volume of the atelectatic organ. Packard (5) in 1928 was among the 
first in this country to call attention to this rather unusual condition. 
He gave examples which were followed to the autopsy table, leaving no 
doubt as to the pathological background. 

(2) Pleural Effusion: After pleural effusions, particularly when they 
are purulent, it occasionally happens that the pleura overlying the 
partially compressed lung becomes so thick and fibrous that its elasticity 
is lost. With the disappearance of the effusion, whether by withdrawal 
or absorption, or both, there will be a mediastinal shift due to the inability 
of the lung to completely reéxpand. 

(3) Fibrosis: The slow contraction of extensive fibrotic processes 
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within the lung is the commonest, as well as the most insidious cause of 
mediastinal distortion. This is most often associated with large cavity- 
formation, and chiefly involves the upper lobe, but it may include the 
entire lung, or be rarely limited to the lower lobe. If the whole lung is 
involved it results in the dragging of the entire mediastinum toward the 
same side (cases 1 and 2). 

If the upper lobe alone is involved the superior mediastinum with its 
great vessels may suffer most exaggerated distortion (cases 3 & 4). 
Apparently there is no choice of sides, both left- and right-sided deformity 
giving rise to cardiovascular symptoms. It is also in this large group 
that the symptoms may be so delayed and of such gradual development 
that the patient does not seek medical relief until the deformity has been 
well established. In order to forestall the development of these symp- 
toms it is desirable to prevent the formation of permanent distortion. 
This is in accord with Clayton’s contentions, and his recommendations 
of respiratory exercises are worthy of trial in all suitable cases. How- 
ever, in many cases prevention may prove to be impracticable or even 
impossible, and, when the cardiac syndrome is recognized, surgical meas- 
ures may offer the only permanent relief. In many of the cases in 
which the superior mediastinum alone is drawn to one side, it seems 
theoretically logical that a resection of the upper ribs, those lying directly 
over the contracting part of the lung, might relieve the tension on the 
underlying structures sufficiently to give symptomatic relief. Naturally 
the degree of cardiac embarrassment would be a deciding factor before 
advising such radical treatment. That there is something more than 
mere theory in this idea is borne out in the case of the young man who 
was relieved of his symptomatic cardiac insufficiency by thoracoplasty 
(case 2). 

(4) Artificial Pneumothorax: Finally there is a large and important 
group of patients who develop mediastinal distortion due to therapeutic 
pneumothorax. ‘This group is especially significant because their num- 
bers are ever increasing with the more general use of this form of collapse 
therapy. These cases are those in which therapeutically successful 
pneumothorax has been carried on, but in which the diseased area of the 
lung was so great that there is no longer a whole lung left to reéxpand or 
in which the diseased lung has become so fibrosed that.it is no longer 
capable of approximate full expansion. We, as physicians, are already 
learning that thoracoplasty is required to close the thoracic cavity in 
the cases of totally fibrosed lung when pneumothorax is discontinued. 
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We have not been so considerate of the partially expansible lung and 
have allowed it to reéxpand to its limit, leaving the migration of the 
mediastinum and hyperexpansion of the opposite lung to take care of 
the remaining space. (Cases5 &6.) In view of the favorable results in 
the relief of such cases, already referred to, it would seem that many, if 
not most, of these cases might be saved the resulting mediastinal distor- 
tion and the possibility of an ensuing circulatory handicap if they were to 
receive a phrenic exairesis on the affected side before reéxpansion. If the 
diaphragm rises, as is to be expected, it will reduce the volume of the 
space to be filled, so that the heart and its associated structures will not 
be shifted too far from their optimum physiological position. The 
writer feels that this may become one of the principal,—and, so far, 
too often overlooked,—indications for this operation. 

The cardiac failure and death, which occasionally supervene in cases of 
chronic pulmonary tuberculosis, have been attributed quite generally to 
lack of sufficient aerable lung, comparable to the cardiac death of indi- 
viduals suffering from far-advanced silicosis. Granting that this may be 
true in certain instances, many of these cases are found to have sufficient 
aerable lung tissue for all ordinary physiological demands but do present 
mediastinal distortion of many years’ standing. Against the complete 
acceptability of the theory of reduced lung tissue as an explanation for 
all such cases, we have countless instances of individuals with total 
collapse of one lung by artificial pneumothorax who continue to live under 
such conditions for years with no symptoms of circulatory embarrassment 
whatever. Even the bilateral-pneumothorax cases, with a partial 
collapse of both lungs, rarely manifest such symptoms. 

Fifteen cases are presented briefly in tabular form (table 1). All 
had pulmonary tuberculosis. These cases are not offered in support of 
preconceived theories, but because they represent the observations out 
of which have arisen the ideas here advanced. 

Six of these, covering a rather wide range of possibilities, are offered in 
somewhat more detail with a reproduction of the roentgenograms. 


Case 1: A man, aged 58, had suffered from chronic pulmonary tuberculosis for 
many years. For the past few weeks he had been subject to attacks of dys- 
pnoea, palpitation and tachycardia, and had noticeably lost strength. There 
was found extensive bilateral pulmonary fibrosis with a marked displacement 
of the entire mediastinum to the left (figure 1). Numerous and persistent 
extrasystoles constituted the only important cardiac abnormality. It was 
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felt that the distortion played a causative part. Medication afforded but 
transient relief, and eight months later the patient died of rapid cardiac failure 
with decompensation. (This is the only case in which there was extensive 
bilateral fibrotic change in the parenchyma of the lung. Therefore this is 
the only case in the series which could possibly fulfill the condition found in 
silicosis in which cardiac death supervenes as the result of extensive pulmonary 
fibrosis. However, inasmuch as the fibrosis was apparently not progressive 
throughout the period between the onset of the first circulatory symptoms and 
the patient’s death, it seems to the writer that the visceral deformity is the 
more likely cause.) 


Case 2: A young man of 37 had had pulmonary tuberculosis for years. His 
disease was limited to the left lung and had been slowly progressive. Extra- 
pleural thoracoplasty was being considered, but there was doubt as to the 
patient’s ability to withstand the operation because of symptoms referable to 
his heart. He had dyspnoea in excess of expectation on his respiratory con- 
dition, palpitation, tachycardia and weakness. Merely walking across his 
room completely exhausted him. There was marked mediastinai distortion 
with all structures pulled away from the midline by the fibrosing left lung 
(figure 2). It was decided that the cardiac embarrassment was symptomatic 
only and that the patient was not only a good surgical risk but would be 
actually benefited by the operation, in addition to its strictly pulmonary indi- 
cation. These assumptions were justified by subsequent events. The thora- 
coplasty was done in 1931, and within six months the patient’s cardiac symp- 
toms had materially lessened and he was then able to climb a flight of stairs. 
Roentgenograms taken seven months after the operation show that the mediasti- 
num has receded about half an inch from its former displacement (figure 3). 


Case 3: A woman, aged 45, had had pulmonary tuberculosis for ten years, 
with the major involvement in the upper left lobe which showed extensive 
cavitation. Her case became chronic without further spread of the disease. 
She consulted the writer because of attacks of tachycardia and palpitation, 
with fatigue and dyspnoea far beyond explanation on a purely respiratory 
basis. The attacks were found to be due to paroxysms of ventricular extra- 
systoles, while the dyspnoea, fatigue, etc., were more or less constant. The 
contraction of the cavitated and fibrous left upper lobe had pulled the superior 
mediastinum far into the left chest, exposing the entire arch of the aorta beyond 
the spinal column (figure 4). It was felt that the premature contractions 
might be due to mechanical stimulation of the sympathetic trunks and the 
administration of mild sedatives did give relief. For the past year the extra- 
systoles have disappeared but the general symptoms remain and have been 
augmented by anginoid attacks. 
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Cuse 4: A housewife of 49 had pulmonary tuberculosis, but had been classified 
as an arrested case for several years. The disease had been most extensive in 
the upper lobe of the right lung, in which the parenchyma was almost com- 
pletely replaced by fibrous tissue and a persistent cavity. This is seen in 
figure 5, which was taken almost six years previous to her present illness. For 
six months she had been suffering from increasing dyspnoea, with frequent 
asthma-like paroxysms, cyanosis, severe orthopnoea and palpitation. When 
first seen she was in an asthma-like attack, cyanosed, and with moderately 
distended veins in the neck and upper extremity. There was marked 
deviation of the trachea to the right and fixation of the upper right chest. 
There was a decided respiratory stridor, and squeaks were frequent 
everywhere over both lungs. The superior mediastinum was displaced 
markediy to the right and the dulness to percussion blended with that 
over the fibrotic upper lobe of the lung. The pulse-rate was 92 and the 
beats were regular in force and rhythm. The blood-pressure was 180/110. 
The acute attack subsided and the asthmatic wheezes had largely disappeared 
in subsequent examinations. However, the cyanosis, engorged veins and 
tachycardia persisted, as did the hypertension. The pulse varied from 92 to 
100 and the lowest blood-pressure reading was 148/100. A roentgenogram 
taken a few days after the first visit (figure 6) showed that a marked contrac- 
tion of the fibrous portion of the lung had drawn the superior mediastinum far 
to the right, with angulation of the trachea, aortic arch, and, of necessity, the 
superior vena cava, and there was noticeable enlargement of the heart itself. 
Two months after the original consultation the patient began to develop 
oedema of the lower extremities. Two weeks later the physician in attendance 
reported that the patient had died of typical acute cardiac decompensation. 
This patient, alone of the series, showed evidence of cardiovascular disease per 
se, in the form of arterial hypertension and cardiac enlargement. Yet her 
clinical progress is hardly that of typical hypertensive myocarditis. It is 
certainly unusual for the symptoms of failing circulation to appear so early in 
the course of cardiac hypertrophy. Granted the possibility of this death being 
directly ascribable to hypertensive myocarditis, it seems most probable that it 
was gravely influenced by the complication offered by the visceral derangement. 
[t is also quite possible that the hypertension itself may have been a compensa- ’ 
tory mechanism in an attempt to maintain efficient circulation against mechani- 
cal difficulties. 


Case 5: (Figure 7). A young woman of 28 first became aware of her tubercu- 
losis at 18, in 1918. She received artificial pneumothorax on the right side in 
1919. The extensively involved right lung was kept compressed for three 
years, at which time her case had been apparently arrested for some time and 


the lung was permitted to reéxpand. A reactivation involving a much smaller 
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area of the left lung occurred in 1930 which healed under rest-treatment. In 
1930 she began to develop symptoms referable to the cardiovascular system: 
dyspnoea and palpitation, tachycardia, irregular pulse, especially on exertion, 
and an occasional feeling as if a “lump passed along under the chest-wall,” in 
the second right interspace about two inches from the midline. The right lung 
was found to have been so fibrotic that full expansion was impossible and the 
pneumothorax space on the right side had been obliterated only by the migra- 
tion of the mediastinum to the right for approximately two inches. Inci- 
dentally the ascending aorta had come to lie in contact with the anterior 
parietal pleura, and the sensation of a “lump passing”’ under this spot was due 
to the actually larger blood-flow coincident to the more forceful systole after 
compensatory pause in her ventricular extrasystolic arrhythmia. By a ver) 


Fic. 7. Case 5 Fic. 8. CASE 6 


carefully graduated system of exercise the patient gradually increased her 
circulatory efficiency until the symptoms were no longer distressing. She has 
since married. It is hoped that her improvement has been permanent, but 
the expectations are to the contrary, in view of the experience of these other 
cases. 


Case 6: A nurse, aged 34, contracted pulmonary tuberculosis twelve years 
before. She received therapeutic pneumothorax on the left, which was success- 
ful and maintained for three years. The collapse therapy was discontinued, 
and about a year later she resumed her work as a graduate nurse. She has 
continued to be intermittently employed in her profession for the past eight 
years. Tachycardia appeared four years ago on exertion and she was improved 
during and following a course of iodine therapy, having been suspected of 
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hyperthyroidism. Since then her symptoms have grown worse, and she suffers 
from tachycardia, palpitation, dyspnoea, precordial pain on exertion, and 
ease of fatigue and “faint attacks.” Her basal metabolic rate was normal. 
The pulse which she stated was rarely below 100 was 120 at the time of exami- 
nation. The blood-pressure was 120/70. There were no cardiac murmurs. 
The left chest showed diminished expansion, with deviation of the trachea to 
that side. The heart was markedly displaced to the left. The roentgenogram 
(figure 8) showed that there had been only partial reéxpansion of the previously 
collapsed lung, and that the entire mediastinum had migrated to that side. 
This fact would give sufficient explanation for the symptomatic insufficiency 
which continues to handicap her. It also seems reasonable to suppose that a 
long-maintained tachycardia might ultimately be the cause of myocardial 
fatigue and real failure. The lamentable fact is that phrenic exairesis might 
have prevented these circumstances in both this case and the previous one. 


COMMENT 


These cases serve to illustrate the possibilities of mediastinal distor- 
tions as a causative factor in cardiovascular disturbances and cardiac 
failure. None of them gave a history of previous cardiac disturbance, 
defects, or of the infections considered usual in the aetiology of myo- 
cardial damage. In only one (case 1) could the cause possibly be attrib- 


uted to the decrease in functioning lung tissue. Even here the 
mediastinal distortion seems the more culpable of the two conditions. 
In only one (case 4) was there demonstrable cardiovascular abnormality. 
That abnormality alone seems insufficient to have caused death under 
the circumstances. 

The author well realizes that the material here presented is insufficient. 
This series of cases is so small that it permits one to draw merely infer- 
ences, rather than conclusions. Valid conclusions must await the wider 
observations of a large number of clinicians. From the very nature of 
the subject, actual proof of these ideas must be deferred until some years 
have elapsed. Further data will be needed on the relative incidence of 
circulatory embarrassment among persons with distorted mediastina, 
the efficacy of preventive measures, both nonsurgical and surgical, and 
the results of attempted surgical relief. 

Wider attention of the medical profession to this question is urged in 
the hope that the combined observations of many may permit some 
more definite statements than are possible at present. As the result of 
his own somewhat limited observations, the author feels that all cases of 
mediastinal distortion are potential cardiac invalids. While it is yet too 
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soon to advocate thoracoplasty on the contracted side to relieve the 
mediastinal tension when distortion is already established, as a routine 
practice, yet we are justified in urging this form of surgery earlier than 
has been the general custom. As soon as the affected lung has been 
adjudged worthless, and other forms of therapy have failed, thoraco 
plasty should be performed before great and permanent mediastinal 
deformity has taken place. The writer is also of the opinion that phrenic 
exairesis should be carefully considered before discontinuing artificial 
pneumothorax in all cases in which there is doubt as to the complete 
reéxpansibility of the affected lung. 


SUMMARY 


Observation of the frequency with which cardiac symptoms are 
associated with distortion of the mediastinum in tuberculous individuals 
has led to the inference that there is a causal relationship. The sympto- 
matology may be permanent and may finally result in true decompensa- 
tory failure with death. 

Cases illustrating variations of these conditions are presented. 

From these observations it is argued that early thoracoplasty is 
reasonably justified and that therapeutic pneumothorax should be fol- 
lowed by phrenic exairesis in the appropriate cases, as a preventive 
measure against such distortion. 
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to the fact that displacements of the heart were common and caused that organ to work 
at a disadvantage. 
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EXPERIMENTAL BONE AND JOINT TUBERCULOSIS IN 
RABBITS: *. # 


PAUL J. TRUDEL 


Just fifty years ago, Robert Koch announced his discovery of the 
tubercle bacillus and thus awakened great hopes for a near future when 
the “white plague’ could at least be controlled, if not entirely stamped 
out. It is not surprising that, under the influence of such a discovery, the 
study of tuberculosis was sidetracked into the specific field of bacterio- 
logical investigation without the necessary correlation of clinical factors. 
With the beginning of the twentieth century, however, renewed intensive 
studies of clinical manifestations in close relationship with pathological 
anatomy have not only created a better understanding of the character 
of tuberculosis but have also given valuable information for therapeutic 
procedures. Nearly every institution concerned with the treatment 
of pulmonary tuberculosis has learned to appreciate the important factors 
in checking a further spread of the disease, be it by stressing the more 
conservative methods of treatment or by practising pneumothorax, 
phrenicectomy or thoracoplasty. The treatment of bone tuberculosis 
is by far more difficult, because at the present time the pathogenesis of 
bone tuberculosis is based largely upon speculation. Even the chief 
question, whether the invasion of bones is due to the bovine or human 
type of the tubercle bacillus, has not received a satisfactory answer. In 
either case the bacillus must enter the system by the mouth, the bovine 
bacillus most likely being swallowed with infected milk and causing in- 


1 From the laboratories of the J. N. Adam Memorial Hospital, Perrysburg, New York. 

2 Read at.a session of the pathological section of the twenty-eighth annual meeting of the 
National Tuberculosis Association, Colorado Springs, Colorado, June 6-9, 1932. 

3 This investigation was made possible through the support of the Health Board of the City 
of Buffalo. The writer desires to express to the President and Members of this Board his 
deepest appreciation for the interest shown in his work. He also feels much indebted to the 
Deputy Health Commissioner and Director of Laboratories of the City of Buffaio, Dr. Charles 
A. Bentz, for the very valuable services he rendered in checking the many micropathological 
sections. And, last but not least, the writer takes pleasure to express grateful appreciation 
to the Superintendent of the hospital, Dr. Horace LoGrasso, for his splendid support and co- 
operation and to Miss Lilian Ewald, in charge of the X-ray Department, for her faithful 
assistance in taking the many X-ray pictures and photographs. 
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testinal lesions. The air-borne organism of the human type, producing 
pulmonary lesions, may be caught along the respiratory path. 

The newer literature, however, shows a trend toward the opinion that 
primary intestinal tuberculosis is comparatively rare. Ungermann (27) 
and Countley (23) concentrated their investigation upon 687 individuals, 
who for a long period drank milk coming from cows with tuberculosis of 
the udder. Although 280 children had used this milk daily, only two 
children became infected after drinking this milk for more than a year. 

From this primary focus either a mediastinal or a mesenteric lymph- 
adenitis may develop. The bacillus then finds its way either directly 
into the blood-stream by breaking through a caseous lymph node into a 
blood-vessel or, more often, by the way of the thoracic duct. If the 
blood-stream is invaded with an overwhelming number of organisms and 
the bacilli cannot be disposed of by phagocytosis, the result will be a 
generalized miliary tuberculosis. Should comparatively few organisms 
enter the blood-stream, some of them may gain a foothold in the small 
vessels of the bones as well as in some other tissues, causing multiple 
lesions, and the literature proves that a comparatively high percentage 
of bone cases show other secondary tuberculous infections, and especially 
renal tuberculosis. A condition of bacillaemia responsible for this type 
of bone tuberculosis, as far as we could find out, could only be demon- 
strated in a few cases. Harris (10), culturing the blood of a large num- 
ber of tuberculous bone cases, produced but two positive cultures. The 
recent statement of Loewenstein (16), who claimed that he was successful 
in culturing tubercle bacilli from nearly every case in which an organism 
is attacked, even in very early stages of pulmonary tuberculosis, in sur- 
gical tuberculosis and in different forms of cutaneous tuberculosis, cannot 
be taken seriously, as nearly every attempt to duplicate his results has 
failed in the hands of able investigators of almost every nation. 

The J. N. Adam Memorial Hospital at Perrysburg, New York, has the 
opportunity to study bone tuberculosis in a great number of children. 
In many of these cases the origin of tuberculosis can be traced back to a 
probably insignificant trauma. The spine, a joint or a bone may have 
been injured perhaps so slightly that the patient will be unable to re- 
member it. Most investigators agree that primary bone or joint tuber- 
culosis is very rare. If this is true, tuberculosis of a bone must be a 
secondary infection from a primary source elsewhere. 

Ranke (21) has shown that tuberculosis usually starts with a primary 
focus in the lung and tracheobronchial lymph nodes, and more seldom 
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in the intestines and the mesenteric lymph nodes. From here the bacilli, 
as a rule, are distributed into bones and joints haematogenously, and the 
microérganisms are caught and stored in the reticuloendothelium of the 
bone-marrow. Should the resistance of the body be lowered, as it may 
be in malnutrition, after any severe disease or through local trauma, a 
favorable condition for the microédrganism to grow and multiply is created. 
Yet, Whitman (29) and others are of the opinion that the tubercle bacillus 
may enter the lymph- and blood-stream through a perfectly intact skin 
or mucous membrane. 

It was always the aim of scientific investigation to follow the patho- 
logical picture of a developing bone tuberculosis step by step. The tu- 
bercle bacillus, after entering the blood-stream, may gain the bone-marrow 
directly, or it may cause an embolic blockade in the capillaries of the 
nutrient artery as we occasionally see demonstrated in tuberculous in- 
farcts. The next step in the development of this disease is an exudative 
inflammation with subsequent caseation. The process of sequestration, 
so typical in acute osteomyelitis, is very much slower in tuberculosis. 
The toxic effect, however, leads to a distinct haematogenous bone atrophy. 
If through the action of the white corpuscles a great amount of purulent 
exudate is formed, the latter may penetrate the periosteum and enter 
the capsule of the joint, forming an empyema articulare; or it may 
break its way to the outside, producing a tuberculous abscess. However, 
in joint tuberculosis we have to differentiate between a primary osseous 
type, in which the granulation tissue causes ulceration and perforation of 
the infected bone, and a primary synovial type, in which the synovial 
membrane forms a sero-fibrinous exudate, which after long duration 
tends to become purulent, resulting in a thickening of the capsule. Very 
seldom can tubercle bacilli be isolated fom this material. The granu- 
lation tissue usually pushes its way through the cartilage of the neigh- 
boring bone and produces secondary bone tuberculosis. 


EXPERIMENTS 


In spite of the warning of Huebschmann (13) and others not to use ani- 
mals for the study of the pathogenesis of tuberculosis, many attempts 
have been made and different procedures applied, in order to produce 
bone tuberculosis of animals experimentally. 

All kinds of methods have been used by different groups of investiga- 
tors to produce localized bone tuberculosis and to follow its pathogenesis. 
Schueller (22), Krause (15) and others studied the influence of trauma in 
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animals injected with different strains of the tubercle bacillus. Petroff’s 
experiment (19) was an attempt to produce localized bone lesions by 
the ligation of blood-vessels. Another favorite procedure was to in- 
ject the bacillary emulsion directly into the knee-joint (Spring (24), 
Krause (15)), or to drill a small hole into the shaft of a bone and seal it 
with paraffin after the injection of a certain amount of tubercle bacilli. 
Knowing that the bacillus responsible for bone tuberculosis is blood- 
borne, we went back to the technique of Mueller and Friedlaender (6), 
who used the femoral artery and also the nutrient artery of the tibia 
for injection. In our experiment, however, the nutrient artery of the 
femur was chosen. 

This bone derives its nutrition from two sources, the nutrient artery 
and the periosteal vessels. The nutrient artery is a secondary branch of 
the profunda femoris and comes off from the perforating artery. It is 
distributed through the medullary cavity, and its ascending and de- 
scending limbs anastomose with the branches of the periosteal artery. 
By separating the adductor brevis and the adductor magnus muscles, the 
artery is exposed. To support the vessel for injection a small wooden 
spatula, wrapped in sterile gauze, is used. The point of injection is 
located about 4 mm. from the entrance of the artery into the nutrient 
foramen of the femur. It is of great importance that the needle used 
for injection be as sharp as possible, as the vessel is very delicate and 
breaks easily. 

In order to become familiar with the relation and the size of this blood- 
vessel, 4 rabbits, four, ten, twenty and fifty weeks old, were killed, and 
were given a warm gelatine-carmine injection into the left external iliac 
artery. 

While the nutrient artery in some of the experimental animals was 
large enough to permit the introduction of a 27-gauge hypodermic needle, 
it was too small in others, and these animals were used for injections either 
directly into the nutrient foramen or into the synovial membrane. In- 
jections into the foramen and synovial membrane required a special 
kind of needle with a sharp conical point, which was prepared by the 
mechanic of our hospital. Lipoiodine injections into the nutrient artery 
or foramen of the femur enable one well to study on the X-ray plate the 
course and distribution of the injected material through the shaft of the 
bone (figure 3). During the first three months following the injection, 
each animal was X-rayed once a week; later on an X-ray picture was 
taken twice a month. Altogether, 83 tuberculin-tested animals received 
injections. They were divided into seven groups. 
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Both types of tubercle bacilli, H37, human type, as well as bovine 
type, B1, from the Saranac Laboratory were used. Dried bacilli from 
young virulent cultures, grown on synthetic asparagin medium, were 
weighed and triturated with M/15 NazHPO,, according to Jennings’s 
technique (3). This suspension was collected in a large sterile test-tube. 
Ten sterile glass beads, previously washed in the buffer solution, were 
added and the emulsion was shaken vigorously for fifteen minutes to 
break up the larger clumps. After running it through a double filter, 
the bacilli were evenly distributed and almost entirely free of clumps. 
To this suspension, which was counted repeatedly in a Petroff-Hausser 
counting chamber, enough M/15 Na,HPO, was added to obtain a de- 
sired dose of tubercle bacilli. Three to five organisms per field, corre- 
sponding to 0.03 mgm. of dried bacilli, constituted the unit of our experi- 
ment. Responsible for the use of such small doses is the investigation of 
Weber (28). If 0.01 mgm. of tubercle bacilli, when inhaled, could pro- 
duce severe infections in goats, it was no speculation to expect that 0.03 
mgm. and even larger doses of a virulent type, injected directly into 
the nutrient artery, would cause distinct tuberculous lesions. 


Experiments with Nonsensitized Animals 


In the first series RA, eight animals, from twelve to thirty-five weeks 
old, received 1, 2, 3, 5 and 8 units of H37, respectively. These rabbits 
were not sensitized previously. Number 94, with 8 units, appeared to 
be sick sixty-one days after injection, and died sixteen days later with 
generalized tuberculosis. No bone lesions had developed. The remain- 
ing animals of this series and two control animals, injected with the same 
amount of physiological saline solution, are still alive and apparently well. 

The eight experimental nonsensitized animals of the series RB were 
again given 1,2, 3,5 and 8 units of type B1, respectively. Three rabbits 
received the bacilli into the nutrient artery, three into the nutrient fora- 
men, and two into the synovia. Four of these animals died within five 
to fifteen weeks after inoculation, and a typical miliary condition could 
be demonstrated in three (RB-8, RB-9 and RB-10). While animal 
RB-1, with a dose of one unit into the nutrient artery, did not show any 
signs of infection in any organ, localized infections of lung, liver, spleen, 
kidney and peritoneal lymph nodes were noted in the remaining animals, 
RB-3, RB-4 and RB-6. Animal RB-7, with 5 units into the synovia, 
showed, besides small foci in the lungs, liver and inguinal lymph nodes, 
extensive granulation tissue around the surface of the synovial membrane. 
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Fic. 1. Lert KNEE OF RABBIT RE-22, E1GotT MONTHS AFTER INJECTION OF 4 UNITS OF 
Type B1 INTO THE NUTRIENT ARTERY 
Fic. 2. SAGITTAL SECTION THROUGH THE TUBERCULOUS KNEE-JOINT OF RE-26, DEMONSTRAT- 
ING THE EXTENSIVE DESTRUCTION OF THE BONE AND SPREADING OF THE DISEASE INTO 
THE ARTICULAR CAVITY AND THE TIBIA. HAEMOTOXYLIN-PHLOXIN 


336 


| 

i 

| Fic. 1 

| 

| 

¢ 
\ & 


EXPERIMENTAL BONE-AND-JOINT TUBERCULOSIS 


Experiments with Sensitized Animals 


The loss of these animals demonstrated clearly that the animals to be 
worked with had to be sufficiently sensitized. A suspension of the non- 
virulent type R1, also from the Saranac Laboratory, was therefore pre- 


Fic. 3 Fic. 4 
Fic. 3. X-RAY OF THE FEMUR FOLLOWING A LIPOIODINE INJECTION INTO THE NUTRIENT 
ARTERY 
Fic. 4. X-RAY OF THE LUMBAR-SPINE REGION OF RABBIT RC-83, SHOWING THE DESTRUCTION 
OF A PART OF THE FourTH LUMBAR VERTEBRA 


pared in a similar way as the one of the virulent type, and intraperitoneal 
injections of 80 units were given to every animal. It was of importance 
to get some definite information about the relationship of age and bone 
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tuberculosis. For this purpose a series RC was switched in, consisting of 
5 animals, every one more than two years old. The injections given to 
the animals of this group were 1, 3, 5 and 10 units of type B1 re- 
spectively. Numbers 81 and 83 received the bacilli into the nutrient 
artery, and nos. 80, 82 and 84 into the synovia, as the nutrient artery 
could not be located in these animals. This blood-vessel supplies pri- 
marily the red bone-marrow, and, as older animals possess only white 


Fic. 5 Fic. 6 Fic. 7 


Fic. 5. X-RAY PLATE OF THE LEFT KNEE (RABBIT RE-20), SIXTEEN WEEKS AFTER INJECTION 
or 4 Units oF B1 INTO THE NUTRIENT FORAMEN 
Fic. 6. X-RAY PLATE OF THE SAME KNEE SEVEN MONTHS AFTER INJECTION 
Fic. 7. X-RAY PLATE OF THE LEFT KNEE (RABBIT RE-22), E1GHT MONTHS AFTER INJECTION 
oF 4 Units oF B1 INTO THE NUTRIENT ARTERY 


marrow, the nutrient artery often is completely atrophied. Three ani- 
mals, RC-82, 83 and 84, developed typical bone lesions, with small abscess- 
formations after a period of about five months. One of these three 
animals, RC-83, surprised us with an additional tuberculous spine, the 
corpus of the fourth lumbar vertebrae being partly destroyed, while both 
of the transverse processes and the spinal process were broken off (figure 
4). The animal was found lying in its cage with the hind legs com- 
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pletely paralyzed. In the centrifugated urine, taken from the bladder 
during the autopsy, a few acid-fast bacilli were found, but no tuber- 
culous focus could be detected in the kidneys. RC-81 showed a small 
tuberculous lesion in the lower lobe of the right lung and an infected 
mesenteric lymph node was seen in RC-82. The control animals were in 
good health during the whole period of experimentation. 

The animals of the series RD were young animals, twelve to twenty 
weeks of age, and evenly divided in regard to sex. After being sensitized, 
four received 1 to 2 units of H37 into the nutrient artery; two in which 
the nutrient artery was too small for injection were inoculated with 2 
and 3 units, respectively, of the same strain into the nutrient foramen. 
Three more animals, belonging to the same series, received, respectively, 
2, 4 and 6 units into the synovial membrane of the left knee-joint. The 
remaining animals were kept as controls. Four animals showed bone 
lesions with small abscesses. RD-43 had been injected with 2 units 
into the nutrient artery, RD-50 with 4 units into the synovia, RD-46 
with 6 units into the synovia, and RD-49 with 4 units into the nutrient 
artery. Only one animal, RD-44, exhibited a small lesion in the lower 
lobe of the left lung. It was of interest to observe that the virulent H37 
type took almost twice as long to develop lesions as did the bovine strain 
in the following series RE, which ran parallel to RD under exactly the 
same conditions. 

This group RE had the largest number of animals. Twenty young 
animals between twelve and twenty-one weeks of age were inoculated 
with very small doses of Bi. In eleven of these the nutrient artery was 
large enough to permit an injection. Three were injected into the nu- 
trient foramen and the rest into the synovia. None of these twenty 
animals ever received a higher dose than 5 units, which is 0.15 mgm. or 
about twenty microérganisms per field. Seventeen, however, responded 
in a most beautiful way with a very marked bone-and-joint tuberculosis, 
some of them showing great big multiple abscesses with areas of calcifica- 
tion (figure 1). Three rabbits RE-33, 37 and 38, failed to produce bone 
lesions. Animal RE-37, however, injected with 3 units into the synovia, 
demonstrated a small focus in the liver, while in rabbit RE-38, which also 
had received 3 units into the nutrient foramen, a very small infiltration of 
the upper lobe of the left lung could be seen. 

The first sign of bone destruction was shown on the X-ray plate nine 
weeks after injection. As the process of destruction progressed, muscle 
spasm appeared frequently and the femur as well as the muscles became 


340 PAUL J. TRUDEL 


atrophied. The tibia was flexed next to the back of the femur and the 
leg was of no use tothe animal. (Figures5,6and7.) There was never 
an open running abscess. Rabbit RE-23 died 214 days after inoculation 
with a spinal lesion and acid-fast organisms in the urine. 

A macroscopical examination did not show any visible focus in the 
kidney. A direct smear of the urine of the remaining rabbits never re- 
vealed acid-fast bacilli, but the inoculation into guinea pigs resulted in 
three positives. After being acquainted with the work of Helmholz, it is 
difficult to assume that a healthy kidney could excrete tubercle bacilli 
directly from the blood-stream, although we are aware of the fact that 
typhoid bacilli and colon bacilli, streptococci and staphylococci may pass 
through an apparently normal kidney. Deist (5) studied a great num- 
ber of cases with a positive tuberculous urine in which the kidneys were 
free from tuberculous lesions. His conclusion is that “in active extra- 
renal tuberculosis as a rule the kidney takes part in the disease of the 
organism in different forms, quite often in the form of nephritis. A diag- 
nosis of renal tuberculosis can only be made if a positive urine demon- 
strates a condition of pyuria.” Thomas (26) believes that bacilluria is 
always an indication of an ulceration caused by a tuberculous lesion in 
the kidney, and Medlar (26) calls attention to the fact that “cortical le- 
sions” in the kidney very often heal before destruction occurs. We hope 
that later experiments will give us the opportunity for a more detailed 
study of this question. 


MICROSCOPICAL FINDINGS 


Microscopical examination of the infected bones of the knee gives the 
usual picture. A great deal of the bone-marrow is replaced by typical 
tuberculous granulation tissue and sequestra of various sizes are present. 
The synovia is very much thickened and full of lymphocytes and mono- 
nuclear cells. When the nutrient artery is used for injection, the bacilli 
often perforate the epiphysis and find their way through the cellular os- 
teogenic layer of the periosteum, and through the articular cartilage into 
the joint. The periosteum sometimes appears to be congested and the 
epiphyseal cartilage, as well as the articular cartilage, shows much de- 
struction. (Figure 2.) A great number of the bone-sections show the 
characteristic caseating giant cells and lining epithelioid cells. In four 
cases a moderate amount of fibrosis and even calcification could be demon- 
strated. The popliteal space is often filled with caseating material,— 
more so when the injection was received into the synovia,—and masses of 
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granulation tissue are to be found in the synovial and subsynovial area. 
Looking over table 1, it is surprising that animals injected with 2 units 
showed just as much or more bone involvement than animals which had 


TABLE 1 
Extent of tuberculosis in experimental animals 
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received 5 units of the same strain. This seems to indicate that the 
behavior of the host is of greater importance for the development of 
the disease than the virulence of the strain or a permissible variation 
of the dose. 
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The control animals treated in the usual way with saline solution were 
normal. But these animals could hardly serve as a proper control, as the 
experimental animals received with the bovine type a certain dose of 
protein. To beable to depend upon the check animals, the same quantity 
and, as nearly as possible, the same quality of protein had to be given 
to the animals. This could be accomplished by substituting for the 
saline solution a 0.1-cc. dose of 1 per cent bovine Old Tuberculin. None 
of these animals, however, showed signs:of tuberculosis, but a small area 
of scarified tissue could be detected in the joint-capsule of one of the 
rabbits at autopsy. The last series of animals had to answer the following 
question: What are the chances for the development of bone tuberculosis 
if the same bacilli are injected in arteries other than the nutrient artery? 

For this purpose a series RF was divided into two groups with 6 animals 
in each. Group RF-a received 2, 5 and 10 units respectively into the 
external iliac artery, and the group RF-b the same dose into the common 
carotid. This experiment did not look very promising, as seven of these 
animals died of tuberculosis of the miliary type within eight weeks after 
injection. Only one animal (RF-a 52) was entirely free from tuberculous 
lesions. Five of the animals, injected into the iliac artery, had greatly 
enlarged inguinal and mesenteric lymph nodes, while these nodes were 


quite normal in all animals which had recieved the injection into the caro- 
tid artery. It was rather surprising that splenic involvement was seen 
in but one animal. There were no pathological changes in the bones 
and the joints appeared to be normal. 


SUMMARY 


In summarizing the results of this investigation it seems safe to draw 
the following conclusions. 

1. The experimental production of clinical and localized bone-and- 
joint tuberculosis in rabbits requires delicate operative technique but 
yields very good results in 85 per cent of the animals. While only 2 
rabbits of the series RE demonstrated small tuberculous infections in the 
lung and liver, 75 per cent of all the sensitized and B1-injected animals 
showed a very striking localized condition of the bone and joint with 
no detectable focus elsewhere. 

2. Only very small doses (0.05 to 0.15 mgm.) should be injected. The 
bacillary emulsion should be given into the nutrient artery or the nutrient 
foramen of the femur. If the size of the artery does not permit injection, 
a direct inoculation of the bacilli into the synovial membrane of the knee 
may be substituted. 
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3. The bovine type of the tubercle bacillus, B1, is giving far better and 
quicker results than is the human type H37. 

4. The same dose of B1 injected into the external iliac artery or into 
the common carotid failed to produce bone lesions. The result was a 


miliary tuberculosis in 60 per cent of all the animals. 
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THE INVESTIGATION AND THE OPERATIVE EXPLORA- 
TION AND TREATMENT OF OLD TUBERCULOUS 
CAVITATION?” 


With Special Reference to Pneumonocavernolysis 
HAROLD NEUHOF 


A brief critique of the surgery of pulmonary tuberculosis will serve as 
an introduction to the type of operation which will be advocated in this 
paper. Statistical data rather than the weight of evidence led to the 
change in thoracoplasty from the original procedure of wide excision of 
the upper thoracic cage to the paravertebral operation. The latter had 
its first phase, in which short sections of the ribs were removed, its next 
stage in which more extensive costectomy was performed, and its present 
development, in which supplementary excision of ribs and other lung- 
compressing procedures are employed when paravertebral thoracoplasty 
does not lead to the desired result. The theory of the purpose of opera- 
tion has undergone a parallel change. The earlier ideas invoked the 
principles of relaxation, immobilization, and compression of the dis- 
eased lung, whereby healing of the tuberculous process wasinvited. Only 
in recent years has there developed a gradual realization that the essential 
purpose of the surgery of pulmonary tuberculosis is the collapse of cavities. 
That thoracoplasty may achieve definitive results is of course universally 
accepted, but a reading of the literature and personal experiences have 
convinced me that thoracoplasty is successful only in so far as it leads 
to the collapse of cavities. There are but two criteria of results in the 
surgery of pulmonary tuberculosis, the collapse of the cavity, and its 
corollary, the disappearance of tubercle bacilli from the sputum. Cavi- 
ties are usually situated in the upper lobe. Thoracoplasty, with or with- 
out phrenicectomy, aims blindly at their collapse and often cripples a 
normal lower lobe as well. The only advantage in selective thoraco- 
plasty, that is, the wide excision of ribs at the site of the disease, is that 
normal lung is spared. In any given case of tuberculous cavitation, the 

1 From the Hudson County Tuberculosis Hospital and Sanatorium, Secaucus, New Jersey, 


and the Jersey City Medical Center. 
* Read at the New York Academy of Medicine, Section on Surgery, February 3, 1933. 
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outcome of thoracoplasty is uncertain because of its indirect approach 
to the problem. A patient may be subjected to the progressive excision 
of the whole thoracic cage and still be left with a stiff-walled cavity 
only partly collapsed. Improvement may follow such an operation, but 
it has no lasting significance if tubercle bacilli are present in the sputum. 

Another defect of thoracoplasty, inherent in the nature of the proce- 
dure is, in my opinion, its morbidity and mortality. Regardless of the 
collapse and immobilization of the lung which may be ultimately attained, 
the immediate mechanical effect is the release of the lung from its moor- 
ings to the chest-wall and the resultant agitation of the tuberculous focus 
during operation and in the early postoperative period. Only the exis- 
tence of a considerable fibrosis will prevent the mobility induced by the 
operation, so that a widespread tuberculous seeding is all toc often the 
immediate sequel. 

Thoracoplasty is the standard operation for pulmonary tuberculosis 
despite these criticisms and others which might be added. That there 
is room for improvement is shown by a large literature of various surgical 
efforts at more direct compression of the tuberculous lesion. These 
efforts consist essentially in the extrapleural release of more or less normal 
lung in the region of the tuberculous process (apicolysis, pneumolysis) 
and the tamponade of the new-formed space by pedicled or free tissue 
grafts, gauze, paraffin, etc. Brilliant as well as poor results have been 
reported. Leaving aside entirely the question of possible complications 
from the permanent inclusion of a foreign body or grafts of tissue, the pro- 
cedure must be classified as an indirect effort at collapsing a cavity. Less 
blind than thoracoplasty, it nevertheless depends for its efficacy on the 
degree to which the cavity can be collapsed and compressed by indirect 
means. It will succeed only in so far as such collapsibility exists. After 
all, the collapse of the cavity is only a sign that its tuberculous envelope 
has been released and compressed, and the aim in collapsing the cavity 
is to permit subsidence and healing of the tuberculous process which 
surrounds it. Many cavities are not collapsible by pneumolysis with 
implantation. Were the present-day methods more accurate in diagnos- 
ing the degree of fibrosis about cavities, this type of operation might 
have a more appropriate field of applicability although it is not based 
on sound surgical principles. 

In general surgery the examination of lesions at the time of operation 
is the essential feature on which their operative treatment is based. A 
strange aspect of the surgery of pulmonary tuberculosis has been an 
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unwillingness to investigate the pathological process at operation. Not 
satisfied with the results I had noted after the traditional operations, 
I welcomed the opportunity to proceed on the principle of the exposure 
of the lesion in the surgery of pulmonary tuberculosis done at the Jersey 
City Medical Center in the past two years. End-results must of course 
be awaited. The main object of this presentation is a description of the 
application of the principle of exposure and treatment of the pathological 
process at the time of operation. Only the obvious pathological condi- 
tion, namely, the tuberculous process surrounding the cavity, will be 
referred to, although it is of course realized that additional tuberculous 
foci in the affected region exist. Tuberculous cavitation was confined 
to the upper lobe in all the 24 cases that have been operated upon; the 
remarks on operative procedure will therefore refer to lesions in the 
upper lobe. Fortunately for operative exposure, the site of cavitation is 
for the most part in the posterior mesial aspect of the upper lobe. The 
operation, as developed up to the present time, consists in a scapula- 
mobilizing incision, which lifts the shoulder-blade from the thoracic 
cage. The approach to the lesion is obtained by subperiosteal costec- 
tomy of several of the upper ribs, usually the first four to six. The num- 
ber removed and the extent of excision depend on the size and position 
of the lesion. The intercostal tissues and posterior periosteum, which 
are sometimes infiltrated and adherent, are dissected free and reflected 
mesially in the form of flaps. The lesion can then be palpated and to 
some extent seen through the adherent parietal pleura. The cleft be- 
tween parietal and visceral pleura was diffusely sealed by adhesions 
over the lesion in all the cases, and may be unrecognizable. 

The next step depends upon whether or not any collapse has occurred 
as the result of excision of ribs and the detachment of intercostal tissues 
and periosteum. Should appreciable recession be noted, extrapleural 
stripping lateral to the site of the lesion is performed. This, carried out to 
a varying extent and with or without excision of the thickened parietal 
pleura over the cavity, may suffice to induce collapse. There are all 
grades of cavitation, from the type of lesion in which collapsibility is 
noted at this stage to the stiff-walled lesion which shows no alteration in 
size or shape. Itis for the collapse of the latter that the procedure which 
I have termed pneumonocavernolysis is particularly applicable. The 
dense scar-like parietal (and probably visceral) pleura and adjoining 
fibrous tissue are dissected away in layers and piecemeal, until much of the 
cicatricial mass is detached. The dissection is carried out for the most 
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part on the posterior rather than the vertebral aspect, because collapse 
toward the mediastinum is desired. The excision is discontinued when 
a well-defined dimple, which is characteristic of a sinking in of the wall, 
isfelt. A cavity has not as yet been entered in any of the cases, although 
pulmonary tissue has been cut into upon a few occasions. The operation 
is terminated by laying in place the flaps of intercostal musculature and 
periosteum, and snugly packing a large piece of iodoform gauze against 
them and the released cavity and adjoining lung. The scapula is 
brought into position, and the wound closed in layers, with the gauze 
drains making their exit about the middle of the incision. The gauze 
pack, which probably steadies the upper mediastinum, is left in place 
for several weeks and is replaced until a stiff bed is felt. Pneumono- 
cavernolysis can usually be done in one stage for the smaller lesions, but 
several stages through different approaches by rib-excision are or may be 
required for the larger multilocular cavitations. 

An indirect index of the release of the cavity obtained by operation is the 
change in the position, course and shape of the trachea if deviation to the 
affected side had existed. It should approach the median line, or angu- 
lation should be at least partly corrected. Disappearance of tubercle 
bacilli, together with roentgen-ray evidence, are the criteria to prove the 
collapse of cavities. However, the interpretation of the postoperative 
film is not always easy. Furthermore, the preoperative as well as the 
postoperative films often present difficulties in the differentiation between 
bronchiectasis and small cavities. It was for these reasons that we began 
bronchography after operation and, later, to study the bronchial tree in 
bronchograms taken before operation. Despite statements concerning 
its dangers we have learned by experience that the endobronchial instil- 
lation of iodized oil in pulmonary tuberculosis is quite harmless, and we 
are using the method more and more frequently because of the information 
to be obtained. Knowledge has been gained concerning (1) the site of 
cavitation; (2) the differentiation between cavity and bronchiectasis; (3) 
the site and extent of bronchiectasis, with its indirect evidence of fibrosis; 
(4) the condition of the bronchial tree in the lower lobe on the affected 
side, and in the opposite lung when indicated; (5) the effect of operation; 
and (6) the reasons for failure or incomplete results after operation. I 
regret that my allotted time is too short to permit the citation of illumi- 
nating examples, for it has become quite evident to me that the applica- 
tion of bronchography is of vital importance to the surgery of pulmonary 
tuberculosis. Another method of precision which we have recently in- 
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troduced is the use of bronchoscopy in difficult and complicated cases for 
the specific purposes of determining the source of tubercle bacilli and the 
site of cavitation. Decisive information has been obtained in the few 
instances in which it has been employed and further practice of broncho- 
scopic investigation is anticipated. 

The information obtained from preoperative bronchography has had 
a definite and important bearing on the extent of operative exploration 
and the efforts at collapse in the type of operation I have described. It 
has been of parallel value in the interpretation of the results and in the 
indications for or against further operative procedures. Bronchography 
has been of such significance in this respect that I would add it to the two 
criteria which are employed in estimating the effect of operation. 

The results in the past two years in the 24 patients who have been 
operated upon can be briefly stated. The duration of the disease when 
the patients came to operation was from two to ten years, the average 
being 53 years, and the age of the patients ranged between eighteen and 
fifty-one years. There was one death ten days after operation from tu- 
berculous pneumonia of the opposite lung, probably due to too extensive 
a cavernolysis at one stage. Ten cases were discharged from the hospital 
with collapsed cavities and persistently bacillus-free sputum. The re- 
maining 13 cases have partly collapsed cavities and are awaiting additional 
operations, or have collapsed cavities and are continuing the customary 
regimen in the expectation of discharge from the hospital. 


I desire to express my appreciation of the codperation of Doctor B. S. Pollak, Medical 
Director of the Hudson County Tuberculosis Hospital and Sanatorium, Doctor A. E. Jaffin, 
Chief of Tuberculosis Clinics, and their associates, and of Doctor George V. O’Hanlon, 
Medical Director of the Jersey City Medical Center. 


Ficures 1 To 5 


Fic. 1. Case 1 (a). 
below it. 

Fic. 2. Case 1 (b). Bronchogram of same case, showing that the cavities were bronchi- 
ectases in a shrunken upper Jobe. Compensatory expansion of the lower Jobe. Operation 
consisted in collapse of the cavity above the site of bronchiectasis. Collapse of cavity on 
right side maintained by pneumothorax. 

Fic. 3. Case 2 (a). Cavity in left upper lobe. 

Fic. 4. Case 2 (b). Postoperative film, with iodoform pack in place at site of collapsed 
cavity. 

Fic. 5. Case 2 (c). Bronchogram, showing dilated bronchi terminating at site of collapsed 
cavity, with normal bronchial tree in the remainder of the upper lobe and in the lower. lobe. 


Cavity in apical portion of upper lobe with apparent multiple cavitation 
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Fic. 10 


Fic. 6. Case 3 (a). Bronchogram, showing lipiodol at cavity in left upper lobe with pro- 
nounced dilatation and deformity of other upper-lobe bronchi. The left main bronchus is 
deformed, but the bronchial tree of the lower lobe is approximately normal. 

Fic. 7. Case 3 (b). After operation for the collapse of the cavity. 

Fic. 8. Case 4. Cavity in ieft upper lobe. Scanty physical signs over right lower lobe. 
Bronchogram showing deformity of bronchi of left upper lobe and bronchiectasis of right 
lower lobe. On bronchoscopy, tubercle bacilli from right lower lobe, none from other lobe 
bronchi. Instead of the cavity-collapsing operation which had been planned on the left side, 
a right phrenicectomy was done. 

Fic.9. Case 5. Bronchogram after operation for collapse of upper-lobe cavity. Tracheal 
deviation partly corrected. Extreme bronchiectases of upper and lower lobes. Cavity 
collapsed. 

Fic. 10. Case 6. Bronchogram after collapse of cavities in left upper lobe. The lower 
lobe is bronchiectatic. Tracheal deviation corrected. 


350 


Fic. 6 4 7 
Fic. 8 Fic. 9 
4 
6 


TREATMENT OF OLD TUBERCULOUS CAVITATION 


Fie. 11 Fic. 12 


Fic. 11. Case 7 (a). Cavitation in right upper lobe with advanced fibrosis and dextro- 
cardia. Bronchogram shows deformity of trachea and bronchi. Left bronchial tree drawn 
into the right hemithorax. 

Fic. 12. Case 7 (b). Bronchogram after collapse of cavities in right upper lobe, showing 
partial straightening out of trachea and bronchial tree. 
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SECONDARY DIAPHRAGMATIC RISES FOLLOWING 
PHRENIC NEURECTOMY'! 


D. O. N. LINDBERG? 


Phrenic neurectomy has become the most frequently performed sur- 
gical measure in the collapse therapy of pulmonary tuberculosis. It has 
assumed a definite place in the conservative realm of lung surgery since 
the operative risk has been found to be practically negligible, and, in the 
cases without resultant benefit, with minimum risk of extension of the 
process. 

While most authorities readily agree that whenever indicated phrenic 
neurectomy yields frequently some very startling favorable results, 
Thearle (1) expresses a point on which too little study has been made, 
namely, that “‘its use has yielded to date a wider range of variable results 
than any other collapse measure.”’ 

Explanations for these effects have been many and varied. The 
earliest thought dealt with the matter of length of nerve avulsed, it 
being considered (2) that an average length of 12 cm. was necessary to 
interrupt accessory connections arising from the 6th, 7th and 8th cervical 
or even 1st thoracic branches. More recently Gale and Middleton (3) 
have expressed themselves in favor of the theory of scalene-muscle and 
intercostal-muscle overactivity, which fact they have demonstrated 
usually to follow hemidiaphragmatic paralysis. 

The effects of phrenic-nerve avulsion are, of course, mechanical and 
physiological. With the paralytic rise of the hemidiaphragm to the 
highest expiratory position in the case without pleural adhesions there is 
more or less complete loss of motion, depending upon the factors of intra- 
thoracic and intraibdominal pressures as well as the solidarity of ad- 
hesions. Relaxation of the lung occurs and the amount of relative com- 
pression effects diminish from base to apex. Physiologically, blood- and 
lymph-flow are definitely retarded. The lung volume is reduced by 
approximately 500 cc. 

In a study of 30 cases we have become impressed with the frequency of 

1 Read before the Illinois Radiological Society, Decatur, Illinois, Octeber 23, 1932. 

2 Macon County Tuberculosis Sanatorium, Decatur, Illinois. 
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the advent of “secondary” diaphragmatic rises, present in 24 of the 
cases. Tertiary rises were noted in one-third (9) of the cases, and in one 
patient was demonstrated a fourth rise exceeding the initial elevation 
average for the entire group, that is, 2.9 cm. Statistically our results 
were as follows: 


Average length of nerve avulsed 
Average initial rise of diaphragm 
Average secondary rise of diaphragm 
Average tertiary rise of diaphragm 
Total average supplementary rises 
Complete total average rises 


Brauer (4), while not referring directly to secondary rises following this 
form of collapse therapy, does refer to “maximal” effects. Bettman (5) 
finds that it is not until several weeks or even months after operation 
that the diaphragm assumes its final, most elevated position. 

In the majority of our cases, full secondary rise was demonstrated on 
films taken 90 days after operation. In one case substantial elevations 
continued up to 18 months. Another case, with almost complete closure 
of the apical cavity present, and with the more than average rise of 5.6 
cm., added 2.5 cm. to this elevation, when a subsequent attempt to close 
the cavity by induced pneumothorax separated basal adhesions so that 
complete closure of the cavity was promptly brought about. 

Although the majority of patients improved or completely arrested 
their tuberculosis (in this series), it is an interesting observation that no 
improvement was made in those cases in which the total rise was less 
than 3.9 cm., and that the amount of initial rise when less than this 
amount was no criterion of benefits to follow. Since our average initial 
rise was 2.9 cm., and a total rise of 3.9 cm. had seemed the minimum for 
satisfactory clinical results, a secondary rise average of 1.0 cm. was 
necessary. Actually, 1.9 cm. was added by reason of secondary eleva- 
tions, accounting for the high percentage of end-results demonstrated. 

Our studies tend to disprove the theory (6) that the favorable effects 
from phrenic neurectomy, from the mechanical standpoint at least, are 
dependent upon immobilization rather than compression effects. 


SUMMARY 


1. In this series, despite satisfactory immobilization of the hemi- 
diaphragm, no improvement resulted when the total elevation of the 
paralyzed half was less than 3.9 cm. 
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2. Eighty (80) per cent of the phrenicectomized cases demonstrated 
secondary rises averaging approximately 2.0 cm. 

3. The average initial rise after operation was approximately 3.0 cm. 

4. The highest ascent of the diaphragm was 10.8 cm., reaching the 
lower border of the 2nd rib anteriorly. 

5. The average length of nerve avulsed was 20.2 cm., and without 
effect upon either immobilization or compression results. 
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SECONDARY DIAPHRAGMATIC RISES 


PLATE 1 


Series 1 


Fic. 1. Cavity, approximately 4 cm. in diameter, opposite Ist i.s., anteriorly, right. Right 
hemidiaphragm 4th i.s., anteriorly. 

Fic. 2. Primary rise to 3rd is. 

Fic. 3. Secondary rise to 3rd rib. 

Fic. 4. Tertiary rise to 2ndi.s. End-result, complete closure of apical cavity. 
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PLATE 2 


Series 2 
Hemidiaphragm, 5th rib, an- 


Fic. 1. Cavity, 3 cm., opposite 1st i.s., anteriorly, left. 


teriorly. 
Fic. 2. Primary rise to 4thi.s. Cavity reduced in size. 
Fic. 3. Secondary rise to 3rd i.s. 
Fic. 4. Final rise to 3rd rib. Complete obliteration of apical cavity. 
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PLATE 3 
Series 3 
Fic. 1. Right apical cavity, 3 cm. in diameter. Right diaphragm at Sth rib, anteriorly. 
Fic. 2. Cavity not fully closed. Primary diaphragmatic rise to 4th is. 
Fic. 3. Induced pneumothorax, producing completely collapsed base without effect on 
cavity. Diaphragm pushed downward to 6th rib. 
Fic. 4. Diaphragm, after reéxpansion, reaching new height to 4th rib, resulting in com- 


plete closure of cavity. 
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PLATE 4 
Series 4 


Fic. 1. Two large cavities in upper two-thirds, left lung; largest 5 x 7 cm. in diameter. 
Diaphragm at 5th rib, anteriorly. 

Fic. 2. Primary rise of diaphragm to 3rd rib, anteriorly. 

Fic. 3. Secondary rise 1 cm. higher. 

Fic. 4. Tertiary rise to 2nd rib, anteriorly, resulting in complete closure of both cavities. 
Lesion arrested. 
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A TUBERCULOUS LUNG IN WHICH A LARGE EMPHYSE- 
MATOUS BULLA WAS MISTAKEN FOR A CAVITY 


WILLIAM SNOW MILLER! 


Roentgen discovered the rays to which he gave the name “X-rays” in 
1895. His colleague, Prof. Koelliker, who recognized their possible appli- 
cation, named them “‘roentgen-rays.’’ The name first applied to them 
by Roentgen is the one in general use. That Koelliker correctly visualized 
their application is seen in their general use in medicine and surgery. 

In the diagnosis of pulmonary diseases X-rays have come to occupy a 
prominent position. Still, taken by themselves, they are often mislead- 
ing. It is only through the correlation of the X-ray readings with 
necropsy and anatomical findings, as revealed by the microscope, that 
correct interpretation of the shadows seen on the X-ray plate has been 
reached. 

Through the codperation of the Professor of Radiology at the Wisconsin 


General Hospital, Ernst A. Pohle, I have been able to ascertain that what 
was probably the first roentgenogram of the human lung was published 
by Rosenfeld, of Breslau, in February, 1897, the work having evidently 
been done in 1896. So interesting is his description of his study of pul- 
monary diseases that the following abstract is taken from his brochure. 


Passing now to diseases of the pulmonary tissues, we see the remarkable fact 
that there are phthisical foci which give a fairly definite shadow, and such as 
are hardly, or not at all, recognized. The diagnosis of phthisis with the help 
of transmitted light is a matter of a great amount of practice, and does not 
lead in all cases to definite results. One finds pictures in which from the apex 
of the lung to the middle of the scapula there is an infiltrate which occasions 
nothing more than a slight grey veil over the otherwise clear picture. 

If the roentgenogram be viewed from the back of the patient, the ribs do not 
show as clearly in these places as on the corresponding place on the opposite 
side; but nowhere is there a shadow which in its density, corresponds with the 
thickening of the tissues. In other infiltrations the shadow is much deeper; 
in still other cases there appear in these light or dense shadows, foci of still 
deeper density, or even in those parts of the lung, which are otherwise 
translucent, there may appear such a focus of deep density. 


1 Medical School, University of Wisconsin, Madison, Wisconsin. 
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Dr. Kennon Dunham of Cincinnati, Ohio, writes me that in 1910 he 
took X-ray plates of the lungs after their removal from the body; in other 
words “lung plates.’’ Whether this had been previously done, I have 
been unable to ascertain. The use of serial sections in correlating lung 
plates with microscopic sections was, I believe, first used by myself in 
connection with material and stereo X-ray plates brought to my labora- 
tory by Dr. Dunham. 

That there is in this method of study a field for research is shown by the 
following case which was placed in my hands by Dr. Dunham. The 
X-ray stereos of the lung plates were misinterpreted by those who stud- 
ied them. Some described a cavity in the upper left lobe; others an addi- 
tional cavity in the upper right lobe. The following account will show 
that they were far from the true interpretation of the stereos. 

From the case history the following abstract is made. 


PLATE 1 


Fic. 1. E.H. Taken June 21, 1929. 
Fic. 2. Lung plate taken December 18, 1929. Unfortunately the extreme apex of neither 
the right nor the left upper lobe is included in the plate. 


E. H. Colored, male, age 66. First admission to the Hamilton County (Ohio) 
Tuberculosis Sanatorium, September 27, 1926. A common laborer all his 
life. No history of contact with tuberculosis. Had malaria in 1912, his only 
illness previous to the onset of his present disability, which began in 1924. 
In 1925 he began to notice increased shortness of breath and a slight productive 
cough. At the time of admission he complained of sharp pain down the left 
side of the body and a loss of 47 pounds in eight months. 

A diagnosis of advanced, chronic pulmonary tuberculosis, probably fibroid in 
type, was made. Seven sputum examinations were negative; but guinea-pig 
inoculations in October, 1926, showed, on necropsy, a tuberculous infection. 
Wassermann and urinalysis negative. 

He was transferred to the Cincinnati General Hospital for treatment of a 
pansinusitis, where he remained from December 1 to 24, 1926, when he was re- 
admitted to the Sanatorium. During his second residence in the Sanatorium 
he had 9 positive sputum examinations; the first was in September, 1927, and 
the last in November, 1927. His chief complaint during the entire residence 
was marked dyspnoea, which was sometimes relieved by adrenalin and ephedrin. 
He died December 16, 1929. 
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A series of X-ray films were taken, extending from September 23, 1926, 
to June 21, 1929. From the readings only those items which have a 
direct bearing on the pulmonary conditions are abstracted. 


September 23, 1926: Definite lesions are seen in both upper lobes; most marked 
in the upper left. As this is a colored patient they are most likely due to tuber- 
culosis rather than to syphilis. 

November 4, 1926: Marked emphysema at the left base and many emphy- 
sematous pockets at the right base, most marked near the lateral wall. Pleura 
thickened over the left base. 

January 7, 1927: The lesions are much worse. More extensive in both 
uppers, middle and lower right lobes. Lower left lobe is still emphysematous. 
Patient is not doing well. 

December 21, 1927: The pleurisy at the right base has grown much heavier 
since January, 1927. 

November 2, 1928: Great change has taken place. Unusual fibroid changes 
in the right lung. Emphysema is marked. 


PLATE 2 


Fic. 3. Section through the apex of the upper right lobe at about the level of 3, Fig. 2. 
Fic. 4. Section through the incisura between the upper and middle right lobe at the level 
of 4, Fig. 2. 


June 21, 1929: No reason to change previous readings (figure 1). The 
cavities are about the same as they were in November. (No mention is made 
of cavities in the November reading.) 


Necropsy was held twenty-four hours after death. Only the gross 
appearance of the lungs is abstracted from the protocol. 


The lungs were removed intact, X-rayed, and preserved. Superficially the 
right lung shows marked thickening of the pleura. In some areas the double 
pleural layers show such extreme collagenous deposits as to assume the den- 
sity of cartilage. Sections through these thickened areas show the two pleural 
layers to be separated, forming cavities which contain thick, creamy yellow, 
caseous material of the consistency of cottage cheese. Smears made from this 
material show only necrotic debris with no organisms and noformed cells present. 
In the apex of the upper right lobe there is a dense area of apparent consoli- 
dation. 

The left lung presents extensive emphysema involving both lobes. There 
are a few enlarged nodes in the hilum area, all of which are so calcified that it is 
impossible to cut them. 
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Lung plate: abstract of X-ray report, December 18, 1929: There is now a definite 
cavity in the upper left lung. The densities in the upper left and upper right, 
as well as those in the upper third of the lower left, do not have the appearance 
of tuberculous fans. In the upper right they seem to be separated from the 
pleura by a definite zone of emphysema. This is especially marked along the 
lateral wall over the upper right and along the apex of the upper right. Some 
fan density is noted in the left apex; but this is not typical. To a lesser extent 
the lesions in the upper left are separated by an emphysematous zone from the 
pleura (figure 2). In the light of the postmortem showing the caseation of the 
pleura, we have the explanation of why we found no fans in the lungs. 


The lungs, floating in a large container filled with the fixative, were 
received by me in an undamaged condition. They presented the follow- 
ing gross characteristics: The right lung had three lobes. From the 
lateral surface of the upper lobe there was a number of projections, the 
contour of which was not changed by pressure,—evidently emphysema- 


PLATE 3 


Fic. 5. Section through the lower right lobe at the level of 5, Fig. 2. 
Fic. 6. Section through the apex of the upper left lobe at about the level of 6, Fig. 2. 


tous bullae rather than blebs. The middle lobe was the most volumi- 
nous, and overlapped the attenuated lower lobe. Extending along the 
incisura between the upper and middle lobe there was a dense, yellowish- 
white band, more pronounced on the lateral surface of the lung than on 
its anterior or posterior surface. The lower lobe, to which portions of the 
costal pleura were adherent, was reduced to a thin triangular mass closely 
applied to the lateral and posterior surfaces of the middle lobe by which 
it was practically hidden from view. 

The left lung had two lobes, the lower being the more voluminous. Pro- 
jecting from the surface of the upper lobe there was a large, more or less 
translucent emphysematous bulla surrounded by an area of dense tissue. 
Along the incisura between the upper and lower lobes there were areas 
which presented a slight resemblance to the band between the upper and 
middle right lobes; they lacked, however, the density of the latter. They 
were most pronounced on the posterior and lateral surfaces of the lung. 
The greater part of the lower lobe presented nothing beyond the usual 
characteristics of an extensive emphysema. 
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Blocks were taken from various parts of the lungs, embedded in cel- 
loidin, and cut in sections from 20 to 80 micra thick. From these sec- 
tions six were selected as showing most typically the features of the lungs, 
and photographed at an amplification of four diameters. Thinner sec- 
tions, 5 to § micra in thickness, were cut from paraffin blocks to study the 
cellular contents of the smaller bronchi. 

The X-ray reports, necropsy protocol, and the gross appearance of the 
right upper lobe, suggest emphysema. On cutting into the lobe it also 
presents characteristics of an old tuberculosis accompanied with an 
abundant development of collagenous tissue. Figure 3 is a photograph 
of a section taken from the lateral surface of the lobe. It shows the 
thickened pleura; under this a section through one of the smaller bullae 
mentioned in the gross appearance of the lobe. Beneath the bulla are 


PLATE 4 


Fic. 7. Section through the supposed cavity opposite 7, Fig. 2. 

Fic. 8. Section through the incisura between the upper and lower left lobe at the level of 
8, Fig. 2. The portion of the section on the right of the incisura is from the lower lobe; that 
on the left of the incisura is from the upper lobe. 


the widely dilated air-spaces of a secondary lobule, which is marked out 
by thickened strands of collagenous tissue, while on either side are dilated 
air-spaces belonging to adjacent secondary lobules. In the lower left 
corner of the section there is a dense mass of collagenous tissue which 
contains a large amount of carbon; this is situated over an old fibroid 
tubercle. A distinct layer of carbon has also been deposited beneath the 
pleura. Sections through other portions of the lobe show old fibroid tu- 
bercles, the usual characteristics of emphysema, and heavy deposits of 
carbon. Many of the medium-sized bronchi are more or less plugged 
with mucus and shed epithelium. 

The protocol of the necropsy showed the presence of an old empyema, 
and that the space between the two pleural layers contained what was, 
probably, inspissated pus. Sections through the dense yellowish band 
between the upper and middle right lobe show (figure 4) that there was 
also an encapsulated interlobar empyema, and enclosed between the 
thickened layers of the pleura there is old caseous material, devoid of 
cellular or bacterial contents,—inspissated pus. Scattered through this 
dense, thickened pleura, calcareous masses, varying in size, can be seen 
(figure 2). 
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Sections through the middle lobe show the usual characteristics of an 
old chronic tuberculosis, associated with emphysema with its dilated air- 
spaces, thinning of the alveolar walls, and strands of collagenous tissue. 

Figure 5 is a section through the edge of the lower right lobe. The 
costal pleura is adherent and covers the lower part of the section. The 
pulmonary pleura is thickened over this portion of the lung, while on the 
opposite side it is attenuated. The section shows throughout its greater 
portion an emphysema. Other sections show an atelectasis. No tu- 
bercles were found. A large amount of carbon was present. 

Sections through the apex of the upper left lobe (which unfortunately 
is not included in figure 2) show an extensive emphysema (figure 6). 
No tubercles were found in this portion of the lobe. 

Figure 7 is a section taken perpendicularly through the supposed cavity 
in the left upper lobe. This is now seen to be a large emphysematous 
bulla, beneath which there is a layer of dense collagenous tissue, contain- 
ing a large amount of carbon, while still deeper in the section thrombosed 
blood-vessels and bronchi plugged with mucus can be seen. Throughout 
the section large masses of pigment are present. Sections taken from the 
area at its right show numerous old fibroid tubercles. 

Sections taken through the incisura, which include portions of the 
left upper and lower lobes of the lung (figure 8), show that there was no 
interlobular empyema, but that the white line seen in figure 2 was due to 
a large number of closely arranged tubercles situated in both lobes. 
The lower lobe also shows an old caseous tubercle. While the majority 
of the tubercles in this section are old fibroid tubercles, here and there 
areas of active tuberculosis are found. The same is true in the case of 
all the other sections. 

Sections through other portions of the lower lobe showed scattered 
fibroid tubercles; but in general the sections presented the same charac- 
teristic emphysema as those through the apex of the upper lobe (figure 6). 

In the clinical history it is stated that the patient suffered from marked 
dyspnoea. Sections through the smaller bronchi show that their walls 
are thickened and are infiltrated with lymphocytes and numerous eosino- 
philes. Their lumina also contain plugs of mucus, derived from the 
swollen and active glands, in which large numbers of eosinophiles are 
embedded. The distribution of the eosinophiles in the walls of the 
bronchi is interesting; they are occasionally found in the epithelial layer; 
numerous, often in small masses, in the submucosa and fibrous layer; 
rarely in the muscular layer. This distribution corresponds in general 
with that given by Huber and Koessler in their study of bronchial asthma. 
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In emphysema the alveoli are distended. If the distention be only 
moderate, the capillaries in the walls of the alveoli are, as Tendeloo has 
shown, increased in diameter; if, however, the alveoli be greatly distended, 
the capillaries are compressed, and often obliterated, in the greatly nar- 
rowed walls of the alveoli. This reacts on the branches of the pulmonary 
artery. Sections through various parts of the lung show no uniform con- 
dition of the artery; in some instances there is a thinning of their walls, 
while in other instances there is a well-marked increase in the thickness of 
their walls. This thickening is confined in some arteries to the intima; 
in others to the muscular layer. In the case of the bronchial artery it is 
the intima that is usually thickened. 


SUMMARY 


Evidence of childhood tuberculosis is shown by the presence of calcifi- 
cations in the lower left lobe, the upper right lobe, and at the left hilum. 
The calcifications along the incisura between the right upper and middle 
lobes are extrapulmonary. 

The diagnosis ef “advanced chronic tuberculosis, probably fibroid in 
type,” with the later addition of emphysema, was correct. 

Although not directly mentioned, the presence of a bronchial asthma 
seems to have been recognized. 

The deceptive appearance of the large emphysematous bulla in the 
upper left lobe led to an erroneous diagnosis of a tuberculous cavity. 

The presence of an extensive empyema was either overlooked, or failed 
to be recorded. 

It is quite probable that the pleurisy at the base of the right lung, men- 
tioned in connection with the X-ray reading of December, 1927, eventually 
led to the compression of the lower right lobe and to the empyema. 

The distended air-spaces seen in sections of the lower right lobe are 
indicative of the emphysema which preceded the pleurisy and empyema. 
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TUBERCULOSIS IN THE HAWAIIAN 


A Study of School-Children of Hawaiian Blood 
F. J. HALFORD! 


INTRODUCTION 


Princess Bernice Pauahi Bishop was the great granddaughter of the 
famed founder of the Kamehameha dynasty, known as Kamehameha 
the Great, who welded the Hawaiian Islands into a single kingdom 
through the genius of his military prowess and governing ability. Upon 
her death the Kamehameha Schools were established in 1887 as a monu- 
ment to the greatness of her house, a fortune endowing a school for the 
youths of Hawaiian blood. 

The full-blooded Hawaiian of strength, beauty and power, he who 
fought with heavy spears and slings, engaged in hand-to-hand combat, 
paddled canoes hundreds of miles in the open seas, was rapidly absorbed 
by interracial marriage. 

Moreover he was decimated by diseases introduced by callers to the 
islands, epidemics of measles and smallpox having killed thousands during 
an attack. 

This Polynesian had lived for centuries in an ideal climate, the tempera- 
ture average being 74.7°, where food was plentiful and the sun enjoyable 
every day of the year. His life was usually an outside one, engaging in 
fishing, the growing of taro in patches, or hunting inthe mountains. His 
diet was high in carbohydrates, poi made from taro being the “‘staff of 
life.”” Raw liver, roast meats and fish gave him his protein and fats. 

With the advent of commerce, he was forced into squatters’ shacks, 
and he mixed his blood with whom his pleasure wished. 

After 1852 waves of imported labor, Chinese, Portuguese, Porto Ricans, 
Japanese and finally Filipinos, added to previous mixtures from ships in 
port. 

No one can state exactly when tuberculosis was introduced to the race. 
It remains that the chief killer of the Hawaiian is tuberculosis. 


1 Medical Director, Kamehameha Schools, Honolulu, Hawaii. 
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In 1929 the tuberculosis death-rate shows 76 per 100,000 in the United 
States Registration area, while the Hawaiian had over four times this 


rate, or 310 deaths per 100,000 (1). 
These figures show the Hawaiians’ great susceptibility to the disease 


and high mortality resulting from it. 
Chart 1 shows the graphic relationship of the various races in their 


respective percentages. 
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Because of the fact that Kamehameha Schools have an enrollment of 
382 students, all of whom have Hawaiian blood, and that ordinary meth- 
ods, such as height-weight records, temperature changes and careful 
physical examinations, were failing to pick up potential and early cases 
of tuberculosis the following survey was made. 


METHOD 


All students live on the campus during the nine-month school-year, 
and are registered from the various islands. The Boys’ School is con- 
ducted on a military basis; the Girls’ School emphasizes home-making 
activities. 

Before admission all students undergo a complete physical examination, 
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including blood-pressure readings, Schick test and vaccination against 
smallpox. An eye, ear, nose and throat specialist conducts his examina- 
tions at the same time, and all results are kept on a standard form. Each 
school has a hospital, nurse and dispensary. A graduate dietitian is in 
charge of each dining room. 

Doolittle (2), in a larger survey, locally, believed the Mantoux intra- 
cutaneous test to be more satisfactory than the Pirquet, in that his 
results corresponded to those of other workers. Therefore, intracuta- 
neous tests were used, the initial dosage being 0.01 mgm. and the reaction 
read 48 hours later. If negative, 0.1 mgm. was given on the opposite 
arm and the reaction examined 48 hours later. If still negative, a third 
dose of 1.0 mgm. was given and read in 48 hours. 

Of 239 positive readings only two had a type-IV reaction, with slight 
sloughing, and none had any general reaction or elevation of temperature. 

All positive cases were then given single anteroposterior roentgeno- 
grams, and in 6 cases oblique or semioblique views were made to aid in 
diagnosis. 

McPhedran’s (3) classification was used in the diagnosis of X-ray lesions 
and found most satisfactory. Since the series of 239 cases was so small, 
it was not deemed accurate to attempt any comparison with other pub- 
lished works as to percentage of types found by roentgenographic examina- 
tion. 

Suffice to say, only four cases showed calcification, either of isolated 
foci or lymph nodes. 

Doolittle (2) found 14.5 per cent of such lesions in his series. Is this 
a significant sign that, lacking such latent childhood lesions, the Hawaiian 
does not possess a method of calcifying an infection locally? 

One boy and one girl were found to have large adult apical tuberculosis 
lesions, which, despite repeated careful chest examinations, yielded no 
typical signs. The discovery of these two cases, both apparently healthy, 
was indeed worth the efforts of this study as both are now under active 
treatment. 

Roentgenograms showed sufficient evidence in 47 cases to place these 
students on a rest regimen of three hours daily; temperature and weight 
charts were kept; no outside activities, such as sports, plays, dances, 
swimming, etc., were allowed. Diet values were 2,000—3,500 calories per 
day. 

After six months of this regimen it was found that but twenty-four 
had improved sufficiently to allow them to return to their usual duties. 
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Interesting also was that of the six preparatory boys not one of them 
showed improvement. These boys were under the age of fourteen years. 
None of the group had increased temperatures, and all showed a normal 
ratio of weight-gain for a growing child of the same period. 

Barnard, Amberson and Loew (4) suggest a direct correlation of the 
extent and state of healing of lesions with the intensity of the tuberculin 
reaction. Again, in such a small series as this presented, no positive 
conclusion can be drawn, but it was noted there was no such relation 
between either dosage or reaction to lesions found by roentgenograms. 


RELATION OF SEX TO MANTOUX TESTS 


SCHOOL NUMBER POSITIVE NEGATIVE 


GIRLS 143 120 23 
BOYS 192 97 95 
PREP 47 22 25 
TOTAL 382 239 143 
PERCENTAGE - POSITIVE - MANTOUX - TESTS 


GIRLS 83.9% AVERAGE FOR 
BOYS 50.5% ENTIRE SCHOOL 
PREP 46.8% 60.42% 


HETHERINGTON E7AL 81% 


DOOLITTLE - KALAKAU4 JR. 75.57% 
DOOLITTLE- MS KINLEY 54% 


CHarT 2 


Relation of Sex to Mantoux test 


Chart 2 readily shows a marked difference between positive reactions 
in girls as compared to boys. This is in keeping with Doolittle’s (2) 
Chest Clinic in Honolulu, though in contrast to his findings in his school 


survey. 

The average for the entire school is 60.4 per cent, contrasted to 75.5 
per cent in Doolittle’s (2) study, or 81 per cent in the work of Hethering- 
ton, et al. (5). 

With such a low percentage of positive reactors does this signify lack of 
resistance or immunity? 

In an unpublished series of over one thousand school children in 
McKinley High School of Honolulu, most of whom are of Japanese an- 
cestry, Doolittle found 54 per cent giving positive reactions. 
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Relation of Positives to Dosage 


Chart 3 shows that of all the positive reactions 60.25 per cent reacted 
to the 0.01-mgm. dose; 12.13 per cent to 0.1 mgm. and 27.61 per cent to 
1.0 mgm. In the absence of severe reactions and being cautious with 


RELATION OF POSITIVES TO DOSAGE 


0.01M6 0.1MG 1.0MG TOTAL 
NO. Ye NO. Jo NO. % 


17 722 4 = 472 22 
70 72.1 6.18 21 263 97 
57 475 n 7833 41 341 120 
144 6025 29 12.33 66 2761 239 


ALL TESTS READ AFTER 48 HOURS 


OBSERVATION CASES 
23 BOYS 16 


5 
6 PREPBOYS 2 
18 GIRLS 9 
2 BOYS) MANIFEST DISEASE RECONIZED 
4GIRLSJ ONLY BY XRAY“ MANTOUX TEST 
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RELATION OF AGE TO MANTOUX TESTS 


% TOTAL 


1 
21 
43 

47 
3 
57 
51 
27 
20 

3 
382 
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graduated doses of tuberculin intracutaneously, it is evident that this 
method is advantageous. 

The classification of the National Tuberculosis Association (6) was 
followed in a general way and it will be noted that 47 students were given 
supervision. Six of this group had sufficient lesions to be classified as 
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PREP. BOYS 
BOYS 
GIRLS 
TOTAL 
AGE vers POSITIVE NEGATIVE 
10 2 100. 
11 6 42.8 8 572 
12 16 76.2 5 23.8 
13 27 62.22 16 374 
14 29 615 18 38.5 
15 35 72.4 13 17.6 
16 35 61.2 22 388 
17 31 610 20 39.0 
18 28 63.6 16 36.4 
19 16 5a2 11 40.8 
20 10 50.0 19 50.0 
21 4 66.4 2 33.6 
22 2 66.6 1 33.4 
TOTAL 239 60¢ 143 39.6 
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manifest disease and yet all were without any signs or symptoms of 
tuberculous infection or disease. 
Relation of Age to Intracutaneous Tests 
Chart 4 is introduced merely to show the incidence of reactions in the 
various age-groups. Since the series in such groups is so small no de- 
ductions can be made at this time. 
Relation of Age and Sex to Intracutaneous Tests 


Chart 5 shows no appreciable difference between age and sex when 
considering reactions to the test. 


RELATION AGE“. SEX TO MANTOUX TESTS 
GIRLS BOYS 
AGE veacs POSITIVE NEGATIVE POSITIVE NEGATIVE TOTAL 


Oo 
3 
3 
4 
3 
1 


120 


Cuart 5 


Relation of Weight to Intracutaneous Tests 


Parents have long been impressed by the use of height-weight tables 
as an indication of their child’s physical welfare. Even teachers to-day 
judge the child’s health by his external appearance and nourishment. 

Chadwick and Zacks (7), Hetherington (5) and Fenger (8) found 
that children of either over, under or normal weights, were practically 
the same as far as positive reactions were concerned. Since we cannot 
use height-weight methods as a “‘screen”’ for the detection of tuberculous 
infection or disease, the Mantoux test aids in the finding of possible cases 
which otherwise would be overlooked. 

The Emerson modification of the Wood-Baldwin tables was utilized 
in the determination of weight to normal and any variation was expressed 
in percentage. 


| 

10 1 1 
11 4 2 8 14 ) 

12 11 5 2 21 
13 15 12 12 43 j 
14 22 7 14 47 
15 21 14 10 48 
«is 17 18 87 
17 15 16 17 51 | 
18 12 16 15 44 
19 2 14 10 27 é 
20 10 10 20 
21 4 2 6 | 
22 2 1 a 
TOAL 119 120 382 
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Chart 6 demonstrates findings which correspond to the above investi- 
gator’s results; namely that weight per se has no relationship to reactions. 
It was found that both adult apical cases which were detected were 30 
per cent and 15 per cent overweight respectively. 

Chart 7 shows the parailel between boys and girls when sex and weight 
together are considered with reference to the Mantoux test. 


RELATION of WEIGHT MANTOUX: TEST 


POSITIVE NEGATIVE 
NUMBER. % NUMBER % 
OVERWEIGHT 107 6484 £58 
7 5808 
31 6200 19 
32. +6144 20 
ll 6105 7 
8 1272 
2 5000 2 
239 143 
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RELATION SEX%c WEIGHT MANTOUX TEST 


BOYS GIRLS 
POSITIVE NEGATIVE POSITIVE NEGATIVE 


51 43 
28 25 
35 37 
6 ig 
9 
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Relation of Nationality to Intracutaneous Test 


A careful survey of the blood dilutions of these Hawaiian students 
showed the tremendous influence of intermarriage as well as the types of 
mixtures. 

Chart 8 lists each type together with his or her reaction. Surely this 
chart exhibits the coloring of all nations! 

The local Tuberculosis Bureau classifies mortality rates by three racial 
groups in which Hawaiian blood is found. These are (1) Hawaiian, (2) 
Asiatic Hawaiian, and (3) Caucasian Hawaiian. Their death-rates will 
be noted in chart 1 to fall in the same order. 
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SCC 

OVERWEIGHT 64 7 

NORMAL WEIGHT 23 6 

UNDERWEIGHT» 26 

UNDERWEIGHTo2* 5 

UNDERWEIGHT 5 
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Chadwick (9) and Doolittle (2) found no distinct difference in racial 
groups when a history of contact was established. Unfortunately the 
distance between islands precluded complete study of determining defi- 
nite contact with tuberculosis. 


RELATION . NATIONALITY MANTOUX TEST 


NATIONALITY BOYS GIR T 
POSITIVE NEGATIVE POSITIVE 
HAWAIAN- FULL 


HAWAIIAN M 
WHITE 
CHINESE 
HAWAIIAN % 


2 
31 
7 
4 
26 
9 
1 
1 
1 
1 
1 
0 


SAMOAN 
WHITE 
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RELATION’ NATIONALITY %c SEX* MANTOUX TEST 


NATIONALITY BOYS GIRLS 
POSITIVE %  NEGATIVE% POSITIVE % NEGATIVE% 


ian 12 5692 4 1904 4 19.04 1 476 


3784 34 24.28 46 3285 7 499 


CAUCASIAN” 54 2441 82 37.06 70 3164 15 6.78 
TOTAL 119 120 120 23 


CHART 9 


Ferguson (10) suggested a correlation between mortality and percentage 
of positive reactions in his study of Saskatchewan-born Indians. Since 
this present group was a primitive people a like comparison was made 
in this study. 
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WAWAIAN Ya 28 
HAWAIIAN 34 25 3 
CHINESE %& 
HAWAIIAN % 

7 
waite 106 
| 
38 
WHITE } 
PORTUGUESE } 5 j 
HAWAIIAN 3/8 
SAMOAN ¥% } 1 
PORTUGUESE 
HAWAIIAN 4% } 
KOREAN 
HAWAIIAN 
WHITE %& } 
JAPANESE 
HAWAIIAN 3% } 2 
SPANISH % 
HAWAIIAN % } 2 
FILIPINO 4% 
HAWAIIAN % 

HINDU Me 1 
FRENCH 
NEGRO He } 1 
TOTAL 9 120 382 
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Chart 9 gives us no definite relation between the nationality and sex 
with regard to the Mantoux test. 

Chart 10 readily demonstrates the correlation of positive reactions to 
the three racial groups in which the Hawaiian is found. 

In comparison with chart 1 it seems probable that there remains a 
definite relationship of positive reactions to the mortality rates. 

In the preceding ratio as shown, it is obvious that the Asiatic Hawaiian 
has improved over the full-blood Hawaiian and more striking is the de- 
crease of reactions when the Caucasian Hawaiian is contrasted to the 
previous two racial groups. Is this because of environmental surround- 
ings or is it because the Caucasian has a natural immunity which is 
carried over when diluted with Hawaiian blood? 


RELATION OF POSITIVE MANTOUX TESTS 
TO TUBERCULOSIS MORTALITY RATE 
° so 390 


L 
HAWAIIAN 


ASIATIC - HAWAIIAN 


CAUCASIAN - HAWAIIAN 


MORTALITY RATE PER 
100,000 DEATHS 


% POSITIVE MANTOUX 
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COMMENTS 


A survey of an Hawaiian School for tuberculous infection or disease 
was made. The high mortality of the Hawaiian from tuberculosis de- 
serves much study; but, even more, educational institutions should co- 
operate in every way possible to include in their program methods or 
procedures of treatment in observation cases. 

Many educators do not appreciate the importance of such studies as 
above given; others believe such cases should not be permitted to attend 
school and should be allowed rest-periods. 

Difficulties are encountered not only from the interference of parents, 
but also from students themselves who are not educated to the value of 
such a survey and the treatment which follows. In other words con- 
siderable effort should be given to the educational side of detection and 
treatment of tuberculous infection or disease. 
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The intracutaneous test, being safe and without serious reactions, pre- 
vents parents from believing that “the germs of tuberculosis” are in- 
jected into their child’s body. The recent Liibeck tragedy was given 
much publicity and the laity gathered many false impressions concerning 
tuberculosis. 

Roentgenograms of all cases showing positive reactions should be made 
and classified according to McPhedran’s classification, in order that a 
standard method may be used for comparison. 

This ‘series at Kamehameha Schools being small and with the ma- 
jority of “observation cases” returning for further class-work, the present 
plan is to continue Mantoux tests with roentgenogram examinations 
of all new students over a five-year period. Annual follow-up plates will 
be made on present cases even though some will have graduated during 
this five-year period. In this manner an attempt will be made to explain 
whether the Hawaiian suffers an inherited susceptibility, whether his 
immunity has failed to develp because of his brief contact with the 
white race, and what influence racial mixtures have had upon his resist- 
ance to the disease. 


CONCLUSIONS 


A preliminary report of the beginning of a five-year study of Hawaiian 
school children in the Kamehameha Schools, utilizing the Mantoux test 
and roentgenogram studies, discloses: 

1. The Hawaiian death-rate from tuberculosis is 310 per 100,000. 

2. Intracutaneous tests of 382 students of Hawaiian blood resulted 
in 60.4 per cent showing positive reactions. 

3. Roentgenograms yielded 47 cases for observation which could not 
have been otherwise detected. Two cases showed manifest infection of 
the apical adult type. 

4. Six months’ rest-periods considered inadequate time, because this 
period did not yield satisfactory results, as shown by follow-up plates. 
Normal gain in weight and no temperature elevations were noted. 

5. Weight and sex were of no importance in positive-reaction cases. 

6. Racial admixtures have been shown to exert a definite influence 
upon the correlation of mortality rates and percentage of tuberculous 
infection in three groups of Hawaiian types. 

7. Popularizing of surveys is asked for, in which school-teachers, edu- 
cators, parents and students should be given satisfactory teaching in re- 
gard to tuberculous infection, its detection and, moreover, its treatment. 
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TUBERCULOSIS IN INFANTS AND PRIMITIVE RACES: ? 
WATHENA MYERS JOHNSON anp J. ARTHUR MYERS 


Tuberculosis in infancy has been discussed rather extensively and 
many opinions have been expressed in the literature. All too often these 
opinions have not been based on scientific observations. In the past few 
years, since tuberculosis work has been placed upon a more scientific 
basis, extremely valuable observations have been made which have 
already begun to revolutionize our views concerning tuberculosis as it 
attacks the human body in different age-periods and in different races 
and nationalities. We have long clung to the opinion that the infant is 
almost totally lacking in resistance to tuberculosis, all because it caused 
the death of large numbers of infants and children. We seemed to com- 
pletely overlook other factors which might play a réle in this high 
mortality. We talked much about “low resistance” and “great suscepti- 
bility,” when in reality such factors as intimate contact exposure should 
have claimed our greatest attention. It was not until experimental 
work, the tuberculin test, and X-ray films were introduced that we really 
obtained evidence upon which we had any right to draw conclusions. 
In 1925, Krause (1) aroused interest and stimulated research in the sub- 
ject by calling attention to the absurdity of some of our previous views 
and opinions. Krause (2) carried on some valuable studies on the resis- 
tance to tuberculosis of old and young guinea pigs. He found nothing to 
indicate that the young animals were more susceptible than the old. 
When he infected subcutaneously with large quantities of virulent tuber- 
cle bacilli in equal dosage, a more extensive and progressive involvement 
resulted in the young than in the old animals. Inasmuch as the young 
animals received double the quantity of tubercle bacilli per body weight 
that was sufficient to cause fatal disease in the old animals, he suggested 


1From the Departments of Preventive Medicine and Internal Medicine, University of 
Minnesota and the Lymanhurst School for Tuberculous Children, Minneapolis, Minnesota. 
This study was carried on with the aid of a grant from the Research Fund of the University 
of Minnesota. 

? Presented in part before the Jackson County Medical Society, Kansas City, Missouri, 
April 12, 1932, and the Ninth Counsellor District of the Nebraska State Medical Asso- 
ciation, Kearney, Nebraska, October 11, 1932. 
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that the more advanced infection found in the young animals was a 
result of overdosage. 

With the tuberculin test, large numbers of infants have been found 
to react positively who never showed any evidence of illness. Many 
of them have been observed after they passed into childhood, and the 
tuberculosis mortality among them has been low (3). A good many 
infants and children reacting positively to tuberculin have had good- 
sized lesions in their lungs demonstrated by X-ray films, and yet many 
of them have not experienced symptoms of tuberculosis (figures 4a, 5c, 
7b). There is an abundance of evidence now to justify the statement 
that the infant tolerates well the first-infection type of tuberculosis. It 
rarely, if ever, kills, per se. But from the time the infant becomes 
allergic from first-infection tuberculosis, it is in considerable danger from 
reinfection whether from exogenous or endogenous sources. If it is 
exposed daily to a tuberculous relative or nurse, it may, although still 
in infancy, die of the reinfection type of tuberculosis. Such exposure is 
dangerous as long as the infant remains allergic. 

Apparently our earlier conclusions were due to the fact that we did 
not distinguish between the two types of tuberculosis and, therefore, did 
not recognize the fact that the infant and child have ability to control 
tuberculosis of the first-infection type. We then talked a great deal 
about the great destruction in the teen ages and twenties, and were of 
the opinion that rapidly progressive tuberculosis seen in these age-periods 
often developed in the bodies of persons who had not been previously 
exposed to tuberculosis in infancy and childhood. Here again, we were 
not distinguishing between the two types of disease, for the deaths in 
these age-periods, like those among infants, were practically all caused 
by the reinfection type of tuberculosis. The belief that the infant is 
extremely susceptible to tuberculosis was connected with the belief that 
primitive races of people were very susceptible to the disease. 

Rather frequently physicians and lay-workers have cited cases of whole 
families of Indians, Negroes and Mexicans dying of tuberculosis. They 
have concluded that racial susceptibility was the cause. The same 
families might have been used by another group as arguments for the 
inheritance of tuberculosis and by still another as arguments for the 
communicability of the disease. The truth is, if one looks about a large 
tuberculosis practice or dispensary in a cosmopolitan centre, very little 
time is required to find similar families among many nationalities and 
races. For example: Roberts (4) cites the following case: 
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The family came originally from the old country, where I am sure the mother 
contracted tuberculosis of the lungs. She gave birth to nine children quite 
close together. One by one they died of tuberculosis, mostly very young. 
Only one or two passed their teens. The last to go was about twenty-six; then 
the father died, later the mother, herself. 


Bushnell (17) says: 


In studying the dissemination of tuberculosis throughout the world, it appears 
that, as respects the types of tuberculosis, the various countries are divided 
into two classes. In the one, tuberculosis is widespread, as with us; in the 
other, it is relatively rare, but the cases that do occur are rapidly fatal, although 
under conditions favorable for it, the disease may prevail as an epidemic and 
exterminate entire families and even tribes. This observation is formulated 
in the law of Roemer, which is: Where tuberculosis is a rare disease, the cases 
that occur will be acute and fatal. Where the disease is common, the type 
will be chronic and relatively benign. In other words, contact with tubercu- 
losis affords a certain protection against it. 


Numerous reports of great destruction among primitive tribes and 
races have been made, but in most of them no present-day methods of 
determining facts, such as the use of the tuberculin test, X-ray films of 


the chest, or even postmortem examinations were available. 
Krause (5) says: 


We dally with the same idea in reflecting upon human tuberculosis. Out of 
a single fact numerous writers have built up a rather stiff doctrine that avers 
an exceptional lack of innate resistance of primitive peoples to tuberculosis. 
The basic fact is the common observation that the introduction of tuberculosis 
among less civilized populations is followed by excessive mortality, the result 
of comparatively acute illness. The fact is conceded; the conclusion stated is 
not denied; yet it is submitted that it need not follow from the premise; and 
it is maintained that the premise does not prove it. 

And it is suggested that circumstances other than innate lack of resistance, 
circumstances too that are facts, may contribute toward rendering tuberculosis 
unusually destructive and fatal for those of low civilizations;—at any rate, 
for those who come in contact with the whites of Europe and America. 

Judged by our standards, the common living habits of savages and semi- 
savages are inordinately dirty. At any rate, they are supremely adapted to 
the contracting and spread of bacterial diseases, particularly one like tubercu- 
losis, unique among infections in that it can be contracted in every conceivable 
way, via every possible portal of entry, directly and through an intermediary 
carrier. The common bowl without individual utensils at meals; the intimate 
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herding at sleep; the windowless, chimneyless, never cleaned, littered habita- 
tions, if dwellings there are; the unwashed, oiled and pomaded bodies or the 
filthy rags if clothes are worn, must individually and together be regarded as 
hot-houses of infection, if tubercle bacilli are loose. We cannot imagine a more 
fertile soil in which to spread an infection; as for tuberculosis, all that is needed 
is the sowing of the bacillus. And if seed-time ever does come, it will be marked 
by extreme dissemination and quantity of germs. 


Scientific studies, by the use of tuberculin and X-ray films, are leading 
us to believe that the primitive races react in a manner very little differ- 
ent, if any, from those of the longer civilized races. In March, 1931, I 
had the opportunity of participating in a tuberculosis survey on the Fort 
Peck Reservation in Montana (6), which was organized by the United 
States Indian Bureau, the Montana State Board of Health, the National 
Tuberculosis Association, and the Montana State Tuberculosis Associa- 
tion. Tuberculin tests had been applied to 552 white children and 463 
Sioux Indian children. Nineteen per cent of the white children and 57 
per cent of the Indian children reacted positively to the test, or approxi- 
mately three Indian children to one white child. On first thought, one 
might attribute this to greater susceptibility to tuberculosis on the part 
of the Indian children, but observation points to the difference between 
the white and the Indian families’ mode of living. Visits to the Indian 
homes showed that there was almost no attempt to prevent spread of 
tubercle bacilli from patients to apparently well individuals. Many 
persons living in one small house, where one of the members was suffering 
from tuberculosis, and numerous visitors, was a common observation. 
As far as the actual lesions in the chests of the Indian children were 
concerned, they seemed to be no different than those in the chests of the 
white children; in other words, they develop the first-infection type 
of tuberculosis and control it just as the white children do. In the teens 
and twenties they develop the reinfection type of pulmonary tuberculosis, 
as those of the same age-periods of the white race. On their X-ray films 
one observes shadows of Ghon tubercles in the lung parenchyma and 
numerous calcium deposits in the lung hilum which appear exactly the 
same in both races (figure 1). Through the kindness of the Reservation 
physicians, an opportunity was made to study lesions in the chests of some 
adults. Here again, precisely the same chronic type of tuberculosis was 
observed in the chests of the Indians as in the chests of white persons 
(figures 2 and 3). 
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After making a very intensive study of tuberculosis among Chippewa 
Indians of Minnesota, Burns (7) summarizes his work as follows: 


(1) The Indian has a death rate from tuberculosis ten times greater than his 
white neighbor. (2) Racial mixing has not seemed to reduce the infection rate 
or the death rate from tuberculosis in the Indian population. (3) The infec- 
tion rate among the Indian school children is much higher than among the 
white school children living in the same county. (4) There are no marked 
differences in the clinical types occurring among the various degrees of mixed 
bloods, full bloods, and the whites. (5) The opportunity for contact over a 
long period of time seems to be the most important element explaining the 
prevalence of and the high death rate from tuberculosis. (6) Tuberculosis 
in the Indian does noi differ in any important essential from the other com- 
municable diseases. (7) The Indian constitutes an important reservoir of 
infection which must be controlled to prevent the spread of the disease to the 
non-Indian population. (8) It is quite apparent that the application of epidem- 
iological knowledge and public health practice can reduce the infection and 
death rates to its ultimate minimal among the Indian population. (9) It is 
also quite essential to protect our present low levels in fatality rates through the 
elimination of the reservoirs of infection now being established by the invasion 
of heavily infected racial groups. 


In a study of tuberculosis among the Indians in Montana, Crouch (8) 
- found that the percentage of positive reactions steadily increased with 
the degree of Indian blood and the increase each year in the percentage 
of positives was much greater than in white children and the reactions 
were more severe. This is in keeping with Hrdlicka’s (9) observation 
that the mixed-bloods are freer from tuberculosis than the full-bloods. 
It seems quite probable that mixture with other races introduces some- 
what changed living conditions favoring the prevention of spread of 
tubercle bacilli among families and communities. 

Shrader (10) made some excellent observations on the Blackfeet Indian 
Reservation in Montana. He says: 


Formerly, it appears to have been taken for granted that there was a great deal 
of this disease among Indians, and when their poverty, crowded homes, and 
general mode of life was considered, the prevalence of tuberculosis was not 
surprising. 


Again he says: 


Often you find Indian families crowded into miserable small huts which are 
overheated and under-ventilated. The food supply is limited, of little variety, 


| 

| 

| 

| 

\s 

t 

| 

ia 


386 JOHNSON AND MYERS 


and a diet poor to combat the inroads of disease. The Indian is a ward of the 
Government, the only home he knows or has, usually is the Reservation, the 
funds available for distribution among the Indians being limited, and the in- 
born traits of the Indians being what they are, are all factors that are conducive 
to the spread of tuberculosis. In other words, to more clearly portray the 
situation one must realize that the Indians are slow to change their mode of 
living and their habits. Funds are not available to provide the best of homes 
and the proper food. Consequently, the conditions and environments provide 
an ideal place for the dissemination of tuberculosis and the cure, prevention, 
and spread of tuberculosis is now one of the greatest health problems on Indian 


Reservations. 


Among 530 Blackfeet Indian children tested, Shrader reports 51 per 
cent reacting positively to tuberculin. Among the 268 positive reactors, 
42 showed what he believed to be evidence of activity by X-ray examina- 
tion. In the remainder of those showing X-ray findings, the tuberculous 
processes were “‘being pretty well cared for by spontaneous healing; i.e., 
we find calcification of glands and all past activity healed.” Warner 
found a high degree of tuberculous infection among Montana Indians. 
He believes this is probably due very largely to economic and social 
causes. Richards found a much higher incidence of positive tuberculin 
reactions among Indian than white children. He believes that Indian 
children are heavily seeded with tubercle bacilli in early infancy because 
of so much contact with tuberculosis cases. His opinion is that massive 
infections must be the rule. 

Ringle, Feldman and Burns (11) made a study showing the association 
of two races, Indian and white, where contact is established chiefly 
through the public-school, the members of one race showing an altogether 
different rate of tuberculous infection than that shown by the other. 
The Mantoux test was applied to 2,096 white children and 15.3 per cent 
reacted positively. In the same county, living to some extent apart 
from the white population, but associating with them in school and other- 
wise, there were 433 Indian children tested. Forty per cent of those 
belonging to the preschool age-group reacted positively, while 65.6 per 
cent of the school-age children were positive to tuberculin. They found 
pulmonary pathological changes revealed by X-ray much more prevalent 
among the Indian than among the white children attending the same 
school. The increase in demonstrable disease they found to be consistent 
with the increase in the incidence of positive tuberculin reactors. They 
were able to trace the source of exposure in only 66 per cent of the white 
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children and in 95 per cent of the Indian children. This, they believe, 
is due to the much greater incidence of pulmonary tuberculosis in the 
Indian population. They are of the opinion that the association of the 
two races in school complicates an educational problem so far as the white 
children are concerned. 

Abbott and Burns (12) have employed collapse therapy among Indians 
suffering from tuberculosis for the past three and one-half years. During 
that time this treatment has been administered to 42 cases. They feel 
that collapse therapy is as practical in the treatment of tuberculosis 
among the Indians as it is to the white population. It is their opinion, 
“based upon considerable observation of the Indian over many years 
that his tuberculosis is as controllable as is the disease among any other 
race; that while racial susceptibility may be a factor for consideration at 
some future time, it is a minor element contributing at this time to the 
present tremendous death-rate from tuberculosis among this group of 
our population.” They say: “The problem which challenges the physi- 
cian is the sterilization of sputum, regardless of whether it is the white 
man’s sputum or the Indian’s, thus breaking the route of infection as a 
result of sterilization.” 

Hrdlicka (9) is of the opinion that tuberculosis among the Indians does 
not differ in any respect from tuberculosis among the white races. He 
says: ‘The infecting material is the same and is produced and dissemi- 
nated in the same way, individuals are infected in the same manner, 
and the disease runs the same course, produces the same results, and is 
subject to the same measures, remedial or preventive, as it is among the 
white people.” 

Montgomery (13) made a study of tuberculosis among Indian children, 
based on a survey of 147 pupils in the Indian Industrial School at 
Brandon, Manitoba. He found the tuberculin test apparently almost 
infallible in detecting infection. The percentage of positive reactors 
was thirty-three among children under three years of age, but it increased 
uniformly until 100 per cent was reached among the fifteen-year-old 
children. He says: 


Tuberculous infection, as indicated by calcium laid in the tracheo-bronchial 
lymph nodes, was found to be present in a large majority of cases. In 71.4 per 
cent there was some calcium, and in 64.5 per cent there was calcification and 
additional evidence of infection, and in practically all of these cases tuberculin 
tests were positive Excluding primary lesions which were calcified, 
twenty cases (12.1 per cent) were found in which there was evidence of pulmo- 
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nary tuberculosis, either healed or active, and the pulmonary lesions found 
could easily be classified under the usual types of “childhood lesions” as the 
term is used for description of disease of white children. In the whole series, 
there was only one case which certainly was an example of re-infection in the 
adult type of disease It is known, by deduction and proof, that Indian 
children are exposed to much greater tuberculous infection, and from any 
point of view it is known that tuberculous disease is much commoner among 
Indians than among white people. However, this study revealed that the 
types of lesions were in no way peculiar to Indians, although the lesions 
found among Negro children often are of peculiar type. 


There is no question that tuberculosis is causing great destruction 
among American Indians. In 1924, in the United States Registration 
Area, there were 680.3 deaths among Indians per 100,000. Over the 
six-year period, 1925 to 1930, the tuberculosis death-rate among the 
Indians of Montana (14) was 775 per 100,000, while the white death- 
rate for the same period was 50.9 per 100,000. The Indian death-rate, 
therefore, was 15.2 times greater than that of the white race. Fourteen 
and one-tenth per cent of the total deaths occurred among children of 
one to four years; 11.2 per cent occurred in the ages 15 to 19 years; 9.7 
per cent from 20 to 24 years; 9.3 per cent from 10 to 14 years; 8.4 per 
cent from 25 to 29 years. In the other age-periods the number of deaths 
was smaller. 

Goldberg (15) calls attention to the great mortality among the Ameri- 
can Indians. He states, however, that the Indian is the only one to 
suffer, since he is of the opinion that the Indian does not associate much 
with the white man. While it is true that reservations have been set 
aside for Indians, it is also true that changed conditions, such as rapid 
transportation, are causing the Indian to mingle with the white man. 

Thus it is obvious that tuberculosis is a very destructive disease among 
the Indians, but the evidence available leads one to believe that this great 
destruction is not due to racial susceptibility but to living conditions 
which favor the spread of tubercle bacilli in large doses over long periods 
of time from victims of the disease to the apparently healthy members 
of the tribes. 

Tuberculosis has found a stronghold among Negroes. This race is 
said to have been free from tuberculosis before the days of the European 
and Arabian traders and conquerors in Africa (16), but since that time it 
has spread from the coast toward the interior. The larger coast cities 
now have tuberculosis mortality rates similar to those of some of the 
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European cities. Studies with tuberculin some years ago revealed a very 
low incidence of positive reactors, in some parts of Africa being as low 
as 0.9 per cent and rarely being higher than 18 to 20 per cent even among 
adults. Apparently the situation has changed, since recent excellent 
observations (16a) made by the South African Institute for Medical 
Research on 93,979 native mine-boys showed that 65 per cent reacted 
positively. 

Tuberculosis has been seen to make great inroads among Africans (17) 
(18) transported from their native country to engage in war, to become 
slaves, etc. By those who believe that the first-infection type of tubercu- 
losis is necessary in childhood to protect against destruction in adult life, 
this devastation has been credited to the lack of such protection. Others 
are of the opinion that racial predisposition plays the deciding réle. In 
direct opposition to these contentions based wholly upon opinion, are the 
scientific observations of Kleine (19), who found that the children of the 
interior of East Africa usually do not react positively to tuberculin. In 
later life they are employed in the coast cities and plantations, where they 
come in contact with tuberculous patients, and some develop the disease. 
He finds that tuberculosis among them generally does not take a fatal 
course. Those who return to their native villages and have proper 
nourishment usually recover. He states that the dissemination of tuber- 
culosis among the natives is gradual and that there is no need to fear 
an epidemic of tuberculosis among them. 

When transported to America as slaves, the Africans came in contact 
with tuberculosis among the whites. Their living conditions were quite 
good; for the most part they lived on plantations where there was little 
or no crowding together. They were kept occupied; their ill members 
were cared for. Therefore, there was little opportunity for the tuber- 
culous Negro to spread tuberculosis to large numbers of his race. 

In 1860, there were 4,441,830 Negroes in the United States, of whom 
3,953,760 were slaves and 488,070 were free. At that time the tubercu- 
losis death-rate among them was just equal to that among the whites. 
After the Civil War, which resulted in the freedom of the Negro, they 
lived under entirely different conditions. They collected in towns and 
cities; many were not occupied; many lived in the same small house and 
there was great opportunity for the tuberculous Negro to spread tubercle 
bacilli to other members of his race. Therefore, from 1865 to 1874, the 
tuberculosis mortality among the white race was less than 200 and in the 
colored race over 400 per 100,000 population. By 1884, the tuber- 
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culosis death-rate among the Negroes had reached 600 per 100,000 
population. 

In 1930 it was estimated that there were approximately twelve million 
Negroes in the United States; therefore, from 1860 to 1930, they have 
nearly tripled their number. Robinson (20) has said, “Tuberculosis is 
the king of diseases among Negroes.”” Dublin (21) (22), making a statis- 
tical review of the Negroes holding policies with the Metropolitan Life 
Insurance Company, found a ratio of one to three. In the South, the 
mortality from tuberculosis is usually found to be two or more times 
greater than that among the whites. Goldberg (15) states that in Chi- 
cago in 1927 the mortality from tuberculosis among Negroes was 401.8 
per 100,000 population. This was over six times the tuberculosis mor- 
tality among the whites. He is of the opinion that the Negro will in time 
develop sufficient relative immunity to enable him to cope successfully 
with city life. “Meanwhile the process of immunization is costly.” 
Green (23), in a study of tuberculosis and economic strata in the city of 
Cleveland, found the death-rate from tuberculosis among Negroes as 
high as five to thirty-six times as great as among the white population. 

Much has been said about the Negro developing a more fatal type of 
tuberculosis than the white man. Certainly not much can be said about 
his protection through a first-infection type in childhood, inasmuch as in 
surveys which have been made in states such as North Carolina and 
Tennessee, the incidence of positive tuberculin reactors among Negro 
children is definitely higher than among white children, yet the Negro 
mortality rate is higher. Opie (24) says: “Observations made post- 
mortem suggest the American Negro escapes tuberculous infection more 
frequently during childhood and more often suffers in adult life from 
rapidly fatal tuberculosis with the characters of first infection of white 
children.” Actual tuberculin testing of Negro children has not borne 
out this contention. Moreover, postmortem findings among whites or 
Negroes are incapable of providing one with much information unless it 
had been definitely established during the life of the individual by actual 
tuberculin testing when allergy appeared. 

We have been too prone to talk about the great destructiveness of the 
first-infection type of tuberculosis on insufficient evidence. Practically 
all recent scientific observations have shown that it is rarely, if ever, very 
destructive whether it occurs in infancy or adult life. But reinfection, 
whether from exogenous or endogenous sources, or whether it occurs 
within a few weeks or many years from the time allergy develops, often 
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results in destructive forms of tuberculosis, such as tuberculous menin- 
gitis, miliary tuberculosis, or chronic pulmonary disease. 

Bishop (25) has pointed out that in Tennessee during 1920 the colored 
death-rate was five times that of the white in the age-period of one to four 
years, while from five to nine years the colored rate was sixteen times that 
of the white and from ten to fourteen years the colored rate was nine 
times that of the white death-rate. Beyond the age of fourteen years 
the colored death-rates become more like those of the white, and in old 
age the white rate was even higher than that of the colored rate. 

Bishop (25) states that tuberculosis in the Negro is usually more exten- 
sive when it is detected than it is in whites and that it often runs a very 
rapid course with little tendency toward healing. He also states that 
chronic fibroid tuberculosis is observed with much less frequency in the 
Negro than in the white race. He calls attention to the common assump- 
tion that this is due to the greater susceptibility and slighter resistance 
of the Negro to tuberculosis, but points out that there are many other 
factors which must be considered. In discussing dangers of the tubercle- 
bacilli carrier, with special reference to the Negro, Bishop says: “Negroes 
with tuberculosis are a source of infection not only to members of their 
own families and associates but also under certain conditions to members 
of the white race.”’ 

Bishop and Stewart (26), after making a study of a group of families 
in Tennessee say: ‘‘Again, well over one half (59 per cent) of all deaths 
of white persons from tuberculosis were in those over 40 years of age, 
while in the colored race only 22 per cent were in those over 40. This is 
not a surprising finding in the colored race, but it is surprising that nearly 
one half of the colored patients found (44 per cent) were over 40 years of 
age. A similar percentage for white persons was found to be 32.” In 
studying severity of household contacts, they found “that from 20 to 25 
per cent of household contacts in association with cases of active tuber- 
culosis show tuberculous lesions classed as more or less active or dan- 
gerous. At the time the study was made, 2 per cent of the white con- 
tacts and 8 per cent of the colored contacts had died of tuberculosis. 
There is plenty of room here for speculation on the greatly increased 
death rate in the colored race.” In Kingsport, an industrial city in 
eastern Tennessee, they found: 


The Negroes live under relatively better economic conditions than prevail in 
western Tennessee, and the preliminary examinations of data collected have 
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tended to show that tuberculosis in such Negroes tends to approach the same 
level of incidence and activity that is found in the white group. Nearly 10 
per cent of these Negroes were found to have definite or suspected adult types 
of tuberculosis (4 per cent definite, 6 per cent suspected). The positive results 
with tuberculin testing were: 13 per cent in the age group under 5 years, 61 
per cent in the 5 to 9 year group, 75 per cent in the 10 to 14 year group and 90 
per cent in those over 15 years. Tuberculous infection precedes tuberculous 
disease. The magnitude of the potential tuberculosis problem in this Negro 
group is evident. 


Allen (27) says: “The outstanding communicable disease problem 
among Cincinnati Negroes is tuberculosis, which led all other causes of 
death during 1930. Of all colored deaths from tuberculosis in this period, 
22 per cent occurred under and 78 per cent over 20 years of age. Tuber- 
culosis is not only claiming more victims past 20 years than formerly 
but the highest incidence of mortality is advancing into age groups 
around 40 years.” A very noteworthy fact is that 37 was the average 
age when tuberculosis was either definitely present or suspected. 

Rogers (28), after making a study of clinical histories and autopsy 
findings, was of the opinion that fatal tuberculosis among the Negroes 
is very little different from fatal tuberculosis among the whites. Gover 
and Sydenstricker (29) find that the tuberculosis death-rate among the 


Negroes varies greatly in different localities, depending upon environ- 
mental conditions. 
As early as 1907 Baldwin (30) said: 


It is not safe to assume that the difference in mortality between the whites and 
the Negro from pulmonary tuberculosis is due to racial susceptibility, for even 
a superficial study of conditions discloses bad housing, improper food, ignorance 
of the nature of the disease and lack of care as to proper medical treatment 
among the colored people to a degree that raises the question whether whites 
subject to the same influences would not suffer as much. 


Opie (31) says: 


It is not definitely known if the tuberculosis of the American Negro produces 
pathological changes that in part distinguish it from the tuberculosis of white 
people living in close proximity to them, though the suggestion that there are 
conspicuous differences is made repeatedly. Concerning the distribution of 
tuberculosis as a manifest disease in the general colored population, that is, 
morbidity from tuberculosis as distinguished from mortality, little is known 
save by vague inference. Almost nothing is known concerning the prevalence 
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of minor but, nevertheless, not infrequently grave infections, which are often 
the precursors of fatal disease. No effort has been made to determine how 
tuberculosis spreads among colored people or what are the peculiar conditions 
that modify this spread. 


Opie (32) found at postmortem that calcifications, indicating old first- 
infection type of tuberculosis, were present in 92 per cent of Negroes who 
had the adult type of tuberculosis. 

Pinner and Kasper have made an excellent study of tuberculous lesions 
found postmortem in both American Negroes and whites. They call 
attention to the observation made on colored troops (when imported into 
Europe during the World War) by such workers as Dumas, Moreau, 
Borrel, Rodier, and Gruber. These authors found tuberculosis to be a 
very malignant disease among the colored troops. The unfortunate 
fact remains, however, that, among such troops as well as most others 
engaged in the World War, very little tuberculin testing was done and 
very few X-ray films of the chest were made as they were admitted to 
service. It was not until they fell ill that observations on their tubercu- 
losis was begun. Therefore, the facts we most desire with reference to 
the time they became infected, the duration of their exposure, etc., are 
lacking. 

Pinner and Kasper discuss the four methods of bacterial propagation 
in the human body, and from their material as well as the literature, 
they came to the conclusion that there is greater frequency of haematog- 
enous metastases in the Negro than in the whites and that there is also 
a greater frequency of lymphatic metastases in the Negro than in the 
whites. 

Although they did not use X-ray examinations of excised lungs and 
did not cut the respiratory and intestinal systems into thin slices to search 
for the primary foci, they found calcified primary lesions in 25 per cent 
of whites and 17 per cent of Negroes. Although they did find definite 
evidence of racial differentiation, they state that such differentiation is 
not definite during childhood and early adolescence. 

In discussing the various attempts that have been made to explain 
the racial differentiation between two races, they call attention to the 
one so frequently used, namely, that the Negro having been in contact 
with tuberculosis for a much briefer time than the white has not, as yet, 
had an opportunity to acquire the same measure of “inherited immunity.” 
They then hasten to call attention to the fact that such immunity against 
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tuberculosis stands on unsafe ground and its existence has never been 
demonstrated. 

The second explanation so often given is that the Negro escapes child- 
hood infection more frequently than the whites: therefore, an infection 
acquired later in life occurs in virgin (nonallergic) soil and produces 
rapidly progressive (more or less) “childhood-type” tuberculosis. They 
then hasten to point out that this is not true, calling attention to the 
work of Augustine which showed that in Negro homes with open cases 
of tuberculosis more bacilli are found in the house dust than in similar 
homes of the whites. They also call attention to recent actual studies 
by the tuberculin test, which show almost without exception a higher 
incidence of positive reactors among Negro than among white children 
at all ages. 

The third attempt at explanation is that the apparent differences 
are due to environmental conditions and to the mental attitude of the 
Negro in regard to disease. Pinner and Kasper feel that there is no 
question that environmental conditions play an exceedingly important 
réle in the development of tuberculosis, citing as a striking example the 
experience of European nations during and after the World War. They 
say “Proper hygienic care and early diagnosis are undisputedly impor- 
tant factors. Both are at a low level in the Negro communities. Asso- 
ciated with this is the fact that the Negro, when diagnosed, is less willing 
to take treatment properly, that he is likely to continue work (and pleas- 
ure) in spite of symptoms of disease. That tuberculosis is favored by 
maladjustment, social and economic, is well attested.”” There can be 
no doubt that these statements are also true before the diagnosis is 
made, and this, in all probability, accounts in part for the fact that so 
many Negroes have such advanced disease when they are first examined. 

The fourth explanation is that there exists a true racial (genotypic) 
difference between the two races (entirely mysterious in character), 
which confers high resistance on one and low resistance on the other race. 
Concerning this, Pinner and Kasper say, 


In conclusion, it may be said that the hypothesis of genotypic differences recom- 
mends itself strongly because of the apparent impossibility to explain the mat- 
ter completely by any other alternative. But this process of exclusion does 
not constitute proof. It must be admitted that conclusive proof is lacking 
of the existence of such genotypic peculiarities as would explain the Negro’s 
“atypical” reaction to tuberculosis. In other words, the assumption of geno- 
typic differences seems to be at the present time a logical postulate, and further 
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studies should show whether it can be converted into an actual fact. In the 
mean time, violent attacks against such notions, because their acceptance 
might paralyze proper campaign measures, are as unjustified as their blind 
acceptance on the available evidence. 


The Negro population of the state of Minnesota is not great; therefore, 
our experience with Negro tuberculosis patients is very limited in com- 
parison with that of workers in some of the other states. In this limited 
experience, however, we have been impressed with the toleration which 
the Negro child has to the first-infection type of tuberculosis and with 
the great similarity between the course of tuberculosis among Negroes 
and whites. In figure 4 are shown illustrations made from X-ray films 
of the chests of Negro children in a family in which there had been con- 
siderable exposure. If one compares these with figure 5 made from X- 
ray films of five white children from a home where there had been con- 
siderable exposure, one is impressed with the great similarity of X-ray 
shadows. . The Negro children manifested no symptoms, as is true of the 
white children. They all reacted positively to the tuberculin test and 
all showed ability to control first infection type of disease. The white 
children are now just as susceptible to the subsequent reinfection type 
of tuberculosis as the Negro children. Both may escape reinfection, 
exogenous or endogenous, for weeks, months, years, or a lifetime. On 
the other hand, reinfection may occur at any time, but, when the reinfec- 
tion type of tuberculosis does occur, in our experience it has been no 
different in the Negroes and the whites. Some Negroes have very ad- 
vanced tuberculosis which is rapidly progressive when they are first seen, 
but this is also true of the whites. Figure 6 is made from an X-ray film 
of the chest of a senior medical student. Unfortunately, he entered the 
University of Minnesota before routine X-ray films were being made 
annually of medical students. Therefore, the first record of his chest 
condition is seen in figure 6. We do not know just when he became 
allergic, but in this illustration there is a Ghon tubercle-formation in the 
right upper lobe with an abundance of calcification in the right hilum, 
indicating the childhood type of tuberculosis which must have resulted 
inallergy. On the left side in the supraclavicular region, there is evidence 
of thickened pleura and tuberculous infiltration. On February 23, 1932, 
his physician stated that for the past three weeks he had been suffering 
from influenza and also had a duodenal ulcer, and that the combination 
had made him quite weak. The physician, therefore, recommended that 
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this student enter the University Hospital for observation and treatment. 
It was on admission to the hospital that the first X-ray film of his chest 
was made. He had considerable temperature elevation, as well as 
abdominal symptoms and physical findings, which in the light of a pre- 
vious diagnosis of duodenal ulcer made an exploratory laparotomy 
advisable. This showed that he had a very extensive tuberculous peri- 
tonitis. He was transferred to a sanatorium, but his symptoms increased 
until his death. From the findings, it is obvious that he controlled well 
his first-infection type of tuberculosis, but later developed the chronic 
destructive reinfection type of disease just as one sees in the white race. 

Owing to Mexican immigration in this country, the problem of tubercu- 
losis among the immigrants of this nationality has been considerably 
discussed in recent years. Mendelsohn (33), after making a study of 
tuberculosis among Mexicans in Chicago, stated that in the Tuberculosis 
Division of the Cook County Hospital the number of admissions to the 
relative population was almost fourteen times as great in Mexicans as in 
the general population. He believes that tuberculosis is more virulent 
in the Mexicans than in the general population, but that they have some 
immunity. 

Goldberg (15) speaks of a Mexican race and states that the Mexican 
is coming to this country in thousands, bringing with him his health 
standards and his susceptibilities. He speaks of the industrialist and 
agriculturist in the west and southwest importing Mexican laborers who 
are at the same time importing a race “sizzling with susceptibilities.” 
He says further: “The Mexican in urban life, according to figures avail- 
able, is even more susceptible than the Negro.” 

From Miranda (34) of Mexico City comes quite a different note. He 
says: “We cannot speak of a Mexican race. The error of adopting the 
term ‘Mexican’ as indicative of a race has been repeatedly made in the 
United States where many statistics place the term ‘Mexican’ alongside 
of ‘Negroes,’ ‘Chinese’ and other terms properly used as indicative of a 
race.” In explanation he points out that the word “Mexican” means 
a nationality and not a race, since the Mexican may be white, Indian, 
mestizo, or even Negro; in other words, three races are represented. 
Statistics collected concerning Mexicans in the United States show no 
racial differentiation, but Miranda believes that probably the bulk of the 
Mexican population in the United States is composed of mestizos. He 
points out that, even among them, no one knows in what proportion the 
white and Indian races are mixed. He does not believe that we are 
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justified in speaking of a racial predisposition to tuberculosis as far as 
the Mexican is concerned. He states that no one knows whether the 
American Indian’s susceptibility to tuberculosis is a true racial char- 
acteristic. 

In Mexico City he finds the statistics show that the question of race 
susceptibility of the Mexican cannot be taken into consideration seriously. 
“The tuberculous predisposition of the Mexican is the tuberculous pre- 
disposition of the low wage earner.”” In speaking of mortality from tu- 
berculosis in Mexico City, he points out that there has been a sharp 
decrease which compares favorably with that experience in many large 
American cities. In 1920 the tuberculosis mortality in Mexico City was 
500 per 100,000 population, while in 1929 it was 130 per 100,000 popula- 
tion. He points out that this marked reduction in mortality came 
about with a much less intensive antituberculosis campaign than that 
which has been in effect in other American cities showing similar reduc- 
tions in tuberculosis mortality. Silva (35) has also called attention to 
the decrease in tuberculosis in Mexico, while Bogen (36) found that the 
chronic, fibroid type of pulmonary tuberculosis occurred as commonly 
at the autopsy table among Mexicans in the United States as among 
the whites. 

Some Mexicans have migrated to the state of Minnesota to work in 
the sugar-beet fields and other industries. This has given us a small 
opportunity to observe tuberculous lesions as revealed by physical and 
X-ray examination. As far as we have been able to determine, the 
Mexican children tolerate the first-infection type of tuberculosis in a 
manner similar to the Indians, the Negroes, and the whites. Figure 7 
is made from X-ray films of the chests of Mexican children in one family. 
None of these children has been ill so far as symptoms are concerned, 
and they present approximately the same kind of lesions as are illustrated 
in this paper by children of other races. When these Mexican children 
first came to the Lymanhurst School, they had been exposed to a sister 
who had far-advanced tuberculosis. These four children reacted strongly 
positive to the tuberculin test. A fifth child also exposed to the ill sister 
was positive to the tuberculin test, but the location of her lesion could 
not be demonstrated by examination. 

Dickey (27) applied tuberculin tests to 250 children of oriental parent- 
age in San Francisco, and found that the incidence of positive tuberculin 
reactors was 33 per cent. However, 58 per cent of the children from 
twelve to fourteen years reacted positively. This is a higher incidence 
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than he found in similar groups taken from the child population at large. 
In this group of 250 children, he found those of Japanese parentage with 
a higher incidence than those of Chinese parentage. Histories of open 
cases in the homes of the Japanese were much more numerous than in 
the homes of the Chinese. 

Barclay (38) made a study of tuberculosis contacts in white families, in- 
cluding 413 individuals. Demonstrable tuberculosis was found in 21.8 per 
cent of all the contacts. The incidence of active tuberculosis was 17.2 
per cent while 15.5 per cent had pulmonary lesions. He found that 
“intimacy within the home was of greater importance than lack of food 
or other conditions depending upon economic factors.” Among those 
living in the same house and using various articles in common, such as 
dishes, towels, etc., 23.3 per cent were tuberculous, while 23.5 per cent 
of those sleeping in the same room and 26.9 per cent of those using the 
same bed as the primary-focus patient were tuberculous. Among 51 
husbands whose wives had tuberculosis 9.8 per cent had the disease, while 
among 51 wives whose husbands had tuberculosis 27.5 per cent had 
tuberculosis. 

High mortality rates have been reported among Negroes, Indians, 
Americans, and Mexicans in America, by numerous writers. Head (40), 
Flick (41), and Stella (42) have called attention to high death-rates 
among Scandinavians, Irish and Italians, respectively, living in the 
United States. Rice (43), McCarthy (44), Hutchinson (45), and Brent 
(46) have rather extensively discussed tuberculosis among races and 
nationalities represented by immigrants to the United States. So far as 
racial susceptibility is concerned, at one extreme has been placed the 
Jewish race, by such authors as Spivak (47) and Fishberg (48), while at 
the other extreme has been placed the Negro and the American Indian 
by such authors as Coleman (49). 

Krause (39) has called attention to the great differences in which the 
various animal species react to human tubercle bacilli when introduced 
into the bodies experimentally. There are those who believe that there 
is as much difference in susceptibility to tuberculosis among the various 
races of people as there is between the susceptibility of lower animals. 
Human tubercle bacilli multiply and produce disease rapidly in the bodies 
of guinea pigs, whereas they cause relatively little disturbance in the 
bodies of rats, but here we are dealing with two different species of ani- 
mals, while among human races we are dealing with a single species. 

Bogen (36) calls attention to 4,730 patients admitted to the Olive View 
Sanatorium (Los Angeles) in the last decade, and points out that the gross 
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mortality rates among them differ strikingly. More than one-half of 
the Negroes admitted have already died of tuberculosis, and the Scandi- 
navians, Orientals, English, Irish, and Mexicans have also shown a high 
mortality rate, while only one-fourth of the Jewish patients have died. 
The Americans and Slavs have likewise shown low mortality rates. 
Bogen calls attention to the fact that this order of racial mortality is 
about the same as others have reported and that it has been responsible 
for the idea that one race is more susceptible than another. 
Bogen says: 


Before this general impression is accepted, however, it may be well to examine 
the data a little more closely. The stage of the disease at the time of admission 
to the sanatorium, we find, varies just as widely as do the mortality figures, 
and generally in the same direction. Thus, more than three-fourths of the 
Negro patients were already in a far-advanced stage at the time of admission 
to the sanatorium, as compared with less than one-third of the Jews. Since 
we have found that more than half of our far-advanced patients have died 
during this period, while less than a fourth of the moderately advanced and 
only 3 per cent of the minimal cases have so far succumbed, this fact alone 
accounts for the wide apparent disparity in the death rates of the different 
nationalities. 

If we consider the mortality of the patients according to the stage of the 
disease at the time of admission, therefore, the figures appear quite different. 
All but one of the 29 deaths among the patients who were in the minimal stage 
on admission occurred after they had been discharged from the sanatorium. 
The irregularity of the figures here appears more to result from the small 
numbers involved than from any evident racial differences. On the other 
hand, more than two-thirds of the deaths among the far-advanced patients 
occurred while they were still in the institution. The differences here present 
are, perhaps, due to a tendency to admit nearly terminal cases from the Negro, 
Oriental and other immigrant districts. 

The mortality rates among the different races among the moderately ad- 
vanced patients show surprisingly little variation. What differences do exist 
could in every instance be practically accounted for by a single individual, and 
are, therefore, to be attributed to the error incident to the use of small figures, 
rather than to any real differences in the death rates. In this group of nearly 
a thousand patients all showing definite lesions of tuberculosis, in most cases 
with positive sputum, but with the equivalent of one lung still intact at the 
time of admission, about one in every four patients died during the period 
studied, and this same ratio existed in each of the racial groups studied. 


Therefore, apparently we are confronted not with an elusive and un- 
controllable factor, racial susceptibility, but with the actual fact that 
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there are foci of infection among the various races, all of which present 
the same public-health problem in tuberculosis. However, we have 
knowledge to apply, such as the difference in types of tuberculosis, and 
diagnostic aids, such as the X-ray and tuberculin test, so that the picture 
is not as dark as was that of former times. That these foci of infection 
cannot be ignored with impunity is also apparent. Obviously, we must 
institute preventive measures through case-finding methods of contact 
exposure. The very magnitude of the problem makes these measures 
the more imperative. 


CONCLUSIONS 


1. First-infection type of tuberculosis in infants, whether or not the 
lesion can be located, rarely if ever kills, but results in allergy which 
makes reinfection from exogenous or endogenous sources dangerous. 

2. The first-infection and reinfection types of tuberculosis are almost 
like two distinct disease entities as far as their attack upon the body 
is concerned. In infancy and all other age-periods the type which 
usually results in disability and death is the reinfection or adult type. 

3. The use of tuberculin tests and X-ray films demonstrates the fact 
that the lesions in the chests of Indians and whites are identical. The 
higher incidence of positive reactors among Indians results from lack of 
preventive measures in the care of the open cases of tuberculosis among 
them. All positive tuberculin reactors have the first-infection type of 
tuberculosis and, therefore, are potential cases of the reinfection type 
of the disease. Therefore, since the incidence of positive reactors is so 
high among the children, a high incidence of a destructive type of disease 
is to be expected among the adults. 

4. Observations on Negroes show that they also react in the same man- 
ner to the first-infection type of tuberculosis as do other races. 

5. The reaction to the first-infection type of tuberculosis among those 
of Mexican nationality is apparently no different than that found in 
other races and nationalities. 

6. One of the most encouraging facts brought to light through recent 
observations and studies is that infants and primitive races have remark- 
able ability to control the first-infection type of tuberculosis and that 
apparently the only serious factor with which we have to contend in 
tuberculosis control among them is the communicability of the disease, 
just as is true in all other age-periods and in other races and nationalities. 
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Legends 


Fic. 1. Made from roentgenograms of the chests of six members of one Sioux Indian 
family living on the Fort Peck Reservation in Montana. The father has had symptoms of 
tuberculosis for twenty-five years. Fifteen years ago a definite diagnosis of pulmonary 
tuberculosis was made. Tuberculous laryngitis is now present. . There were six children 
in the family. One is not illustrated, inasmuch as she was married and living at her own 
home at the time the rest of the children had X-ray films made. However, physical examina- 
tion at her home in March, 1931, showed huge bilateral enlargement of the lymph nodes, with 
pus discharging copiously from the sinuses. She was nursing an infant at that time and has 
since died of tuberculosis. ‘The chest conditions of the father and the remaining five children 
who were apparently well are seen in the illustrations, as follows: 

A: F.R., father, Indian, age 47 years. Made from a roentgenogram of the chest taken in 
March, 1931. Shows evidence of tuberculosis involving both upper lobes, more extensive 
on the right. Evidence of cavitation in both lungs. Diaphragmatic pleurisy on the 
right side. 

B: G. R., son, Indian, age 11 years. Calcium deposited in the left hilum. Questionable 
focus, right base. Tuberculin test positive. 

C: M. R., daughter, Indian, age 13 years. Large calcium deposit left hilum region par- 
tially obscured by cardiac shadow. Tuberculin test positive. 

D: F. R., son, Indian, age 15 years. Calcium deposits and fibrosis extending out from 
right hilum region. Tuberculin test positive. 

E: L. R., daughter, Indian, young adult, age unknown. Calcium deposits in left hilum 
region. No tuberculin test. 

F: J. R., daughter, Indian, young adult, age unknown. Calcium deposits in right hilum. 
Calcium in parenchymal focus, base of right lung. No tuberculin test. 


Fic. 2. C. T., male, Indian, age 18 years. Exposure unknown. Film of chest made in 
March, 1931, shows extensive tuberculosis involving both lungs. There is evidence of fibro- 
sis with cavity-formation in the upper lobe of the right lung. Disease in this lobe was 
diagnosed in 1928. Evidence of more recent and extensive disease is seen in the left lung. 
The clinical history, physical findings and X-ray shadows are not different from those found 
in white girls and boys of the same age. 


Fic. 3. J. F., Indian, adult woman, age unknown. Mother of two children. Film of 
chest made in March, 1931, shows evidence of old pleurisy. Extensive tuberculosis with 
multiple cavities in left lung. The right lung is quite clear. This patient has suffered from 
chronic tuberculosis over a period of years. 


Fic. 4. Made from roentgenograms of the chests of four children of one colored family. 
There had been intimate contact exposure to an aunt. The mother now has bone and joint 
tuberculosis. There were two other children in this family, aged 6 and 13, who reacted posi- 
tively to the tuberculin test, but the location of their lesions was not demonstrated by X-ray. 
Still another child, 7 years old, who reacted negatively to tuberculin on February 18, 1928, 
died on March 29, 1928, of streptococcic peritonitis. The chest conditions of the remaining 
four children are seen in the illustrations as follows: 

A: J. B., daughter, colored. First seen February 17, 1928, at the age of two months. 
Tuberculin test negative. Last negative test October 2, 1929. First positive test March 6, 
1930. X-ray films unsatisfactory or negative until April 8, 1930, when one sees (illustration 
A) evidence of childhood tuberculosis in the inflammatory stage in the right lung. In 1932 
there is some evidence of calcium deposits in the right hilum region. No symptoms of 
tuberculosis at any time. 
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B: C. B., son, colored. First seen February 17, 1928, at the age of 7 years. Tuberculin 
test positive at that time. X-ray film showed marked calcification in left hilum and calcified 
focus in parenchyma of left lung, representing childhood type of tuberculosis. Film made 
June 21, 1931 (illustration B) shows approximately the same findings. No symptoms of 
tuberculosis at any time. 

C: B. B., son, colored. First seen February 17, 1928, at the age of 7 years. Tuberculin 
test positive. Evidence of calcification in hilum region on each side. Film made on January 
16, 1931 (illustration C) shows no change. No symptoms of tuberculosis at any time. 

D: E. B., son, colored. First seen February 17, 1928, at the age of 11 years. Tuberculin 
test positive. X-ray film showed evidence of calcification in left hilum and small focus in 
left second interspace. Film made March 18, 1930 {illustration D) shows no change. No 
symptoms of tuberculosis at any time. 


Fic. 5. Made from roentgenograms of the chests of five children of one white family. 
The mother had recently died of tuberculosis after having been ill in the home for approxi- 
mately three years. The father was found to have moderately advanced pulmonary tuber- 
culosis, with tubercle bacilli in the sputum about the time the children were examined. The 
chest conditions of these five chiidren are seen in the illustrations, as follows: 

A: J. H., daughter. First seen June 4, 1925, at the age of 15 months. Tuberculin test 
then positive. X-ray films of chest showed no evidence of disease. Films made November 
4, 1927, showed beginning calcification in the left hilum region. On December 11, 1928, 
there was moderate calcification in the left hilum. On January 19, 1931 (illustration A) 
there was quite marked calcification in the left hilum, indicating childhood type of tubercu- 
losis. Films in 1932 showed no change. No symptoms of tuberculosis at any time. 

B: J.H.,son. First seen June 4, 1925, at the age of 3 years. Tuberculin test then posi- 
tive. X-ray film showed questionable beginning calcification in right hilum region. Films 
on November 4, 1927, showed slight calcification in right hilum and beginning calcification 
in a parenchymal focus in right second interspace. Films, October 18, 1929, and May 8, 
1930, showed no change. Film, October, 1930 (illustration B) shows no change. In 1932 
the X-ray films have the same appearance. No symptoms of tuberculosis at any time. 

C: A.H., daughter. First seen June 4, 1925, at the age of 5 years. Tuberculin test then 
positive. X-ray film (illustration C) shows childhood-type tuberculosis, inflammatory stage, 
in right lung. On October 18, 1929, there was a definite deposit of calcium in a parenchymal 
focus in the right second interspace, with evidence of calcium deposits in right hilum. In 
1932 films have same appearance. No symptoms of tuberculosis at any time. 

D: G.H.,son. First seen June 4, 1925, at the age of 5 years. Tuberculin test then posi- 
tive. X-ray films showed questionable beginning calcification in right hilum. Films made 
January 12, 1927, November 4, 1927, and December 11, 1928, showed gradual increase in the 
amount of calcium in the right hilum. Film made May 8, 1930 (illustration D) shows 
no change. The films made in 1932 have the same appearance. No symptoms of tubercu- 
losis at any time. 

E: J.H.,son. First seen on June 4, 1925, at the age of 7 years. Tuberculin test positive. 
X-ray films showed demonstrable enlargement of what appeared to be a hilum lymph node on 
the right side. No evidence of calcium deposits. On November 4, 1927, there was slight 
evidence of calcification in the right hilum and questionable beginning calcification in the 
lung parenchyma in the right sixth interspace. On December 12, 1928, and September 5, 
1929 (illustration £), there was slight increase in the amount of calcium. The films made in 
1932 have the same appearance. No symptoms of tuberculosis at any time. 


Fic. 6. R. A., male, age 27, senior medical student. Tuberculin test positive. X-ray 
film of the chest made on March 10, 1932, shows Ghon tubercle-formation in right upper lobe. 
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TUBERCULOSIS IN INFANTS AND PRIMITIVE RACES 


Large calcium deposits in right hilum, indicating first infection type of tuberculosis. In 
left supraclavicular region there is evidence of thickened pleura and tuberculous infiltration. 
These findings and the subsequent developments in this case (see text) are not different 
from those seen in white persons of the same age. 


Fic. 7. Made from roentgenograms of the chests of four children of one Mexican family, 
An older child was said to be suffering from advanced tuberculosis in the home at the time 
these children were first examined on October 6, 1927. It is interesting to note that in three 
of the cases here illustrated the tuberculin test was at first negative, but in 1929 it had become 
strongly positive. We were unable to make an examination of the older daughter to deter- 
mine when she had tubercle bacilliin the sputum. In the case of the sixth child, 9 years old, 
the tuberculin test was also negative on October 6, 1927, but was strongly positive in May, 
1929. In this child’s chest we were not able to locate the lesion by X-ray examination. The 
chest conditions of the other four children examined are seen in the illustrations, as follows: 

A: C. M., daughter. First seen October 6, 1927, at the age of two years. Tuberculin 
test positive. X-ray films showed no evidence of disease. On August 15, 1929, there was 
questionable beginning calcification in the hilum on each side. On June 9, 1930, there was 
a marked increase in calcification in the hilum region on each side. At that time a paren- 
chymal focus was represented by calcium deposit in the left base. Film made on November 
20, 1931 (illustration A) shows no change. No symptoms of tuberculosis at any time. 

B: F. M., daughter. First seen October 6, 1927, at the age of 4 years. Tuberculin test 
negative. X-ray film showed no evidence of disease. X-ray film, May 25, 1928 (illustration 
B) shows childhood tuberculosis, inflammatory stage, in right lung. Pirquet test negative. 
Intracutaneous test later markedly positive. There is now (1932) evidence of calcium 
deposits in the right hilum. No symptoms of tuberculosis at any time. 

C: M. M., son. Twin to illustration B. Intimate contact exposure. First seen on 
October 6, 1927, at the age of 4 years. Tuberculin test negative. X-ray film showed no 
evidence of disease. Tuberculin test negative May 25, 1928. X-ray films also negative on 
that date. Tuberculin test strongly positive May 17, 1929. X-ray film, June 9, 1930, 
showed evidence of questionable beginning calcification in the right hilum, with infiltration 
extending into the lung parenchyma. Film made November 20, 1931 (illustration C) shows 
evidence of calcification in the right hilum, with some evidence of fibrosis extending into the 
lung parenchyma. No symptoms of tuberculosis at any time. 

D: L. M., daughter. First seen October 6, 1927, at the age of 6 years. Tuberculin 
test negative. X-ray film showed no evidence of disease. Tuberculin test strongly positive 
May 17, 1929. X-ray film on that date showed no evidence of disease. On June 17, 1932 
(illustration D) there was no change. At this time it is impossible to determine whether the 
shadow in the first interspace represents a first-infection type or a reinfection type of tuber- 
culosis. No symptoms of tuberculosis at any time. There is one other child in this family, 
first seen on October 6, 1927, at the age of 9 years. The tuberculin test was negative until 
May, 1929, when it had become strongly positive. To date we have not been able to locate * 
the lesion by X-ray examination. 
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THE SURGICAL TREATMENT OF TUBERCULOUS 
CAVITIES! 


KARL FISCHEL 


Conservative, institutional treatment was based entirely on the as- 
sumption of a chronic systemic infection in tuberculosis, and only with 
the advent of artificial pneumothorax was the first attempt made to treat 
the diseased organ. It is a well-known fact that Forlanini saw in the 
trauma, exerted by respiration on a tissue which is no longer capable of 
expansion, the main cause for progressive, ulcerative phthisis. He 
therefore introduced functional rest for the diseased lung as a new thera- 
peutic principle, which since then has become common to all lung-col- 
lapsing surgical methods which aim at functional and not at anatomical 
amputation. 

It has been, and still is, difficult to explain the immediate beneficial 
effects of pneumothorax and phrenicectomy. The part which functional 
rest plays in the healing of the pulmonary lesion and in the disappearance 
of systemic symptoms is still a matter of conjecture. It can be ques- 
tioned whether the success or failure of any therapeutic procedure which 
depends on many complex factors, can be explained in all cases, regard- 
less of the extent or of the pathological-anatomical character of the lesion, 
by one simple formula. The understanding of the therapeutic influence 
and the limitations of all methods of collapse will be facilitated if we 
differentiate phthisis with circumscribed tissue-destruction distinctly 
from and opposed to pulmonary tuberculosis without cavity-formation. 
Objections may be raised to this clinical dualistic conception, because it 
disregards origin, extent and type of the pulmonary lesion. However, 
the phthisiotherapist, who has struggled for years with classifications 
and who has labeled his cases only to relabel them again, will admit that 
there are no fixed types in tuberculosis and that the presence of a cavity 
is the factor which decides the fate of the patient and which must deter- 
mine all therapeutic measures. We may pin our hopes on resistance 
and specific antibodies, and we may expect a clinical cure from prolonged 
conservative treatment, no matter what the extent of the lung involve- 


1 From the Sanatorium of the Jewish Consumptive Relief Association, Duarte, California, 
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ment is, before a medium-sized cavity has developed. What, however, 
can we expect from immunity, once cavitation, which is one of nature’s 
ways of healing tissue-destruction in the lung and which, according to 
many observers, is a useful defensive measure, has taken place? Can we 
hope that the same immunity which plays such an important réle in 
the formation of the cavity will be of any aid in closing it? 

Cavitation is a striking example of the powerful mechanical defense in 
pulmonary tuberculosis by which barriers are set up between the dis- 
eased areas and the healthy parts of the lung. The importance of the 
tuberculous tissue in mechanical defense was recognized by many promi- 
nent writers, when it became obvious that it was impossible to interpret 
the incomplete, inconstant and fluctuating tuberculoimmunity in im- 
munobiological terms only. Ranke, for instance, correlated the patho- 
morphological process with the phase of immunity. V. Hayek studied 
the relation of the character of the focus to the immunity reaction, and 
Wassermann claimed that in tuberculosis the tissue plays a more impor- 
tant part than the infecting bacilli. The mechanism of tuberculoimmu- 
nity was, however, first explained more definitely by Krause, in whose 
opinion the allergic state sets up a series of tissue activities which operate 
mechanically to fix tubercle bacilli at points of infection and thus prevent 
or retard their spread. 

If the tuberculous tissue has a defensive mechanical function for the 
protection of the host, it must necessarily affect the infecting bacteria 
too. It is a foregone conclusion that the patient must be benefited by 
measures that are harmful to the microbes which he harbors, and active 
treatment should, therefore, aim not only at the restoration of the pa- 
tient’s health, but also at the destruction of his enemies. Viewed in this 
light the sinister significance of cavitation is evident. Fibrosis, before 
the formation of the thick-walled cavity, is a favorable development, 
even though it may offer some protection to the exciting agents, but if, 
under conservative treatment, nature tries to obliterate a cavity by in- 
creased fibrosis, then she begins to work against the interests of the pa- 
tient and we have to come to the parting of the ways; for the very fibrosis 
which is converting the elastic cavity into a rigid cavity creates favorable 
conditions of incubation for the infecting bacilli, and the scales begin now 
to turn definitely against the carrier. The thick capsule of a cavity is, 
for the tubercle bacilli, a protective wall which permits them to carry on 
their work of destruction. We can reach them there by mechanical 
measures only, and, even if the dream of a therapia sterilisans magna, by 
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which we could destroy all bacilli with one bold stroke, should some day 
come true, cavity cases probably would prove refractory to chemotherapy 
and would remain acid-fast. The thick-walled cavity, a reservoir filled 
with cultures thriving at body temperature and under optimal cultural 
conditions, is, furthermore, in most cases not closed, but kept open 
through draining bronchi, and the serious damage done by bacilli that 
are finally forcibly expelled is demonstrated by the frequency of laryngeal 
and intestinal tuberculosis and by such disastrous occurrences as bron- 
chogenic spreads and severe haemorrhages. Added to the danger to the 
patient himself is the constant menace to all contacts, which makes the 
cavity-bearer a serious public-health problem. 

The cavity problem has undoubtedly assumed a different aspect since 
it was learned that cavities develop rather acutely from diffuse exuda- 
tive lesions, due to rapid tissue-destruction. The slow formation of a 
cavity was considered an inevitable event and was accepted as such with 
something akin to fatalism. Opportunities were missed because cavities 
sometimes are obliterated spontaneously. As a rule, chronic conditions 
do not present clear-cut indications unless a complication arises or unless 
the failure of conservative measures necessitates surgical interference. 


Acute developments, on the other hand, demand immediate attention 
and prompt action; the time for interference, which in chronic conditions 
is of no consequence, becomes an important factor. By operating at the 
most opportune time, the element of prevention enters into our considera- 
tion too,—the prevention of more radical surgery as well as of unfavor- 
able developments. 


CLASSIFICATION OF CAVITIES 


It has been pointed out in previous papers that the treatment of pul- 
monary tuberculosis is, to a great extent, the treatment of cavities. It 
seems that we have to deal with two distinct pathological conditions once 
a cavity is present: on the one hand, the tuberculous infection, which is 
characterized by a marked tendency to spontaneous healing; and, on the 
other, the cavity, which is distinguished by the tendency to persist or to 
enlarge. Many patients overcome the systemic infection and are left 
with circumscribed tissue-destruction, to the after-effects of which they 
finally succumb. 

While the systemic infection has been studied from all angles we have 
to decry the fact that we know next to nothing about the crucial problem 
in phthisis, that is, the deadly cavity. It is only a few years since, stimu- 
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lated by the newer Continental teachings and by the use of serial films, 
the study of cavities has been taken up. The development of the round 
cavity from infiltrations and its gradual transformation into the thick- 
walled variety has been demonstrated by many observers, and a classi- 
fication based on the structure and the condition of the cavity-walls 
advanced by German and French authors. Of the American writers 
Pinner, in 1928 and in later publications, has described three roentgen- 
ological-histological types of cavities and has advanced a classification 
which is of great practical value. All these classifications take into 
account the instability of the cavity in its earlier stages and the character- 
istic changes which take place in and around the cavity-walls, and present, 
for this reason, more a differentiation of developmental stages than a 
division into fixed types. Since they emphasize the importance of the 
time factor, they are an excellent aid in selecting the most opportune 
time for the application of the various therapeutic methods by which we 
may hope to obliterate cavities. 

The fate of a cavity and the success or failure of surgical treatment 
depend, however, on many other mechanical factors, on which, so far, 
we have no definite information. We became aware of this lack of 
knowledge in our practical work, when we quite often observed an unex- 
pected response of a cavity to conservative or surgical treatment which 
we were at a loss to understand, unless we took into consideration such 
factors as the site of the cavity, its relation to the draining bronchus, the 
presence and the anatomical structure of adhesions, and the condition of 
the mediastinum and diaphragm; for instance, it was our experience that 
in one patient a cavity would disappear after a partial thoracoplasty, 
and, in an apparently similar case, and much to our surprise, the cavity 
would show marked enlargement. To account for the widely different 
effects of the same procedure on cavities of the same type one must differ- 
entiate cavities according to the factors enumerated above. 


PERIPHERAL AND CENTRAL CAVITIES 


In selecting the best time for surgical collapse the site of a cavity must 
be considered, because collapsibility increases with distance from the 
pleura. Not only will the loss of space, due to the closure of the cavity, 
be compensated with greater facility if the cavity is surrounded on all 
sides by elastic pulmonary parenchyma, but also the fibrotic process 
around the centrally located cavity is, to a much less extent, the power- 
ful obstacle to retraction presented by adhesions that weld the capsule of 
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the marginal cavity to the rigid chest-wall. The nearer the infraclavic- 
ular cavity and the surrounding infiltrate are to the pleura and to the 
interlobar fissure, the sooner will the perifocal reaction involve the pleural 
layers. With the absorption of the surrounding infiltrate, concentric 
retraction of the cavity can take place, provided the fibrotic reaction has 
not resulted in the formation of adhesions between the cavity-wall and 
the pleura. It will be seen that the chances for spontaneous or artificial 
closure of a cavity vary considerably with the distance to the pleura, and 
that a localization near the periphery demands prompter action than one 
in the middle or inner lung-fields. 

The changes in the rigid, thick-walled cavity are the result of antago- 
nistic forces of unknown strength. The arrangement of concentric and 
radiating fibres, the latter attached to the circular fibres of the cavity- 
wall, and the mechanical effect of the retraction of both, have been very 
clearly described by Pinner. The size and the configuration of the cen- 
tral cavity depend on the relative strength of two antagonistic forces; 
which are the concentric retraction of the circular fibres, that may be 
termed cavity constrictors, and the retraction of the radiating fibres, the 
cavity dilators. The forces tending to keep the cavity open or to enlarge 
it are considerably increased in strength if they find a point of anchorage, 
by being attached to the rigid thickened pleura. The dense, fibrous 
capsule of the peripheral cavity, which is adherent to the thickened 
pleural layers, cannot close by cicatricial retraction unless the pleura is 
freed from the bony framework of the chest. The mechanical problem 
of closing an adherent, marginal cavity can be solved only by a pneumol- 
ysis by virtue of which the tendency to concentric retraction can be re- 
leased. Pneumothorax, as a rule, results in a useless contraselective 
collapse, inasmuch as the healthy portions of the lung are compressed, 
whereas the cavities will remain patent. 


ADHESIONS AND THE INTERLOBAR FISSURES 


The introduction of intrapleural pneumolysis by Jacobaeus has stimu- 
lated interest in pleural adhesions; and their origin, histology and local- 
ization has been studied by many investigators. It has been recognized 
that adhesions are the end-result of circumscribed or diffuse pleurisies 
and that a subpleural focus invariably causes inflammatory changes in 
the adjacent pleura. The localization of circumscribed adhesions paral- 
lels that of intrapulmonary subpleural foci. According to Diehl-Kramer, 
95 per cent of all band-like adhesions are found in the region of the upper 
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lobe, with the most frequent insertions (32 per cent) in an area bordered 
by the second and fourth ribs and the anterior and posterior axillary 
lines. Another site of predilection is an area on the posterior surface of 
the lung between the same ribs and between the scapular line and the 
spine. The 4th rib on the right side and the 5th on the left side are con- 
sidered the lower border-line, above which band- or string-like adhesions 
are found. The lateral adhesions, which are arranged along the ribs, 
can be easily recognized on the screen in the anteroposterior position, 
while the posterior adhesions, which often cause an irregular and incom- 
plete collapse, cannot be visualized. If the pneumothorax appears to be 
more complete in an oblique position and to be extending through the 
whole depth of the chest, the presence of posterior adhesions may be 
assumed. The distribution of adhesions over diseased parts of the lung 
and over superficial cavities corresponds to the frequency of both in the 
posterior and lateral portions of the upper lobe. Sweany has recently 
emphasized the frequent localization of cavities in the posterior and outer 
parts of the upper lobe, and Liebermeister has pointed out repeatedly 
that cavities are found along the slanting plane of the interlobar fissures. 
Accordingly, the closer cavities are to the posterior surface of the lung, 
the nearer they are to the apex; vice versa, they approach the anterior 
chest wall if they are located near the base. It is, therefore, not sur- 
prising that the most frequent insertion of adhesions is found on the 
lateral and posterior surfaces of the upper lobe. 

Another aetiological factor in the development of pleural adhesions is 
the extension to the parietal pleura of pleurisies originating in the inter- 
lobar fissures, which, as a rule, are obliterated by broad adhesions. The 
frequency of adhesive interlobar pleurisies is explained by the neighbo: - 
hood of infraclavicular infiltrations, from which the perifocal inflamma- 
tion extends rapidly to the interlobar fissures (the pericissuritis of the 
French School). In exceptional cases when early pneumothorax is 
applied, the interlobar fissures will be found free and a selective collapse 
comprising only the diseased upper lobe will be the result. The follow- 
ing 2 cases support Sergent’s views that each lobe is a small lung. 


Case 1: BL, female, white, 22 years. Negative personal and family history. 
Came first under our observation with right-sided infraclavicular infiltration 
and round cavity, November, 1929. Pneumothorax instituted two days after 
severe haemorrhage. Rapid and very striking improvement and disappear- 
ance of allsymptoms. Case reported in previous paper, where roentgenograms 
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figures 2 and 4 (Amer. Rev. Tuberc., 1931, xxiii, 150), not reproduced again, give 
picture of initial lesion and of selective collapse of upper lobe obtained. For 
various reasons, pneumothorax discontinued after eight months. When pa- 
tient was readmitted to our Sanatorium, November 1, 1931, she gave history 
of repeated haemorrhages, had severe cough and positive sputum, and film 
(figure 1) shows multiple cavitation in right upper lobe. We decided again 
to attempt collapse by artificial pneumothorax, and found, to our pleasant 
surprise, free pleural space. Selective collapse of involved upper lobe again 
obtained, which, however, did not affect the cavities, that were being kept 
patent by apical adhesions (see figure 2, taken 11/28/31). After one month, 
the cavities appeared to be smaller (figure 3, taken 12/17/31), until finally, 
always under negative pressures, the apical adhesions broke, resulting in com- 
plete collapse of upper lobe with obliteration of cavities (figure 4, taken 5/2/32). 
It will be seen that the middle and lower lobes are hardly compressed and that 
there is a smal] amount of fluid in the sinus, 


Case 2: BS, female, white, 24 years of age. Prodromal symptoms January, 
1930. Became acutely ill, October, 1930. Pneumothorax on right side was 
induced in another sanatorium, November 22, 1930. Admitted January 8, 
1931. On admission film (figure 5, taken 1/10/31) a selective collapse of upper 
lobe with large cavity noted. Film taken 8/20/32 (figure 6) shows complete 
collapse of right upper lobe with other two lobes expanded. 


It would seem from these two cases and from similar observations that, 
by the early application of pneumothorax, the formation of adhesions 
between the visceral and parietal pleurae, as well as of interlobar ad- 
hesions, can be prevented and that an ideal collapse which affects only 
the involved lobe can be induced. 

The significance of the condition of the interiobar fissures is obvious. 
If the upper lobe is freely moveable, pneumothorax will result in the 
compression of the diseased area and an obliteration of apical cavities is 
possible, even in the presence of apical adhesions, provided the capsule 
is not too rigid. We are inclined to agree with de Kovacs that, under 
these conditions, apical adhesions are negligible because the volume of 
the upper lobe can be reduced sufficiently by a compression against the 
bony superior ring of the thorax, which is even more resistant than the 
mediastinum. As a rule, however, the interlobar fissures are very early 
the seat of adhesive pleuritis, which has a tendency to involve the vis- 
ceral and parietal pleura. The level of the interlobar fissures, especially 
on the right side, are in fact the site of predilection for string- or band-like 
adhesions, which constitute a serious complication of artificial pneumo- 
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thorax, especially if the mediastinum is moveable and tends to bulge to 
the other side. In such cases the apical adhesions have to carry the 
weight of the entire lung which will be unduly stretched if too high pres- 
sures are applied. An apparent enlargement of the cavity which the 
pneumothorax is expected to close, apical and lateral adhesions and bulg- 
ing of the mediastinum to the contralateral side, are danger signals which 
call for measures to reduce the tension exerted on the lung from all sides. 
It will be seen that the cavity, instead of being compressed, is actually 
distended. The adhesions which pull in all directions may even cause a 
tear in the pulmonary parenchyma, as Kovacs points out. The com- 
bination of apical and lateral adhesions with a moveable mediastinum 
necessitates either the use of smaller amounts of air, the cutting of ad- 
hesions by intrapleural pneumolysis, phrenicectomy, or even selective 
collapse on the other side in order to support the mediastinum. Figures 
7 and 8 demonstrate a cavity distended by apical and lateral adhesions 
at the level of the 6th rib. Phrenicectomy was performed to reduce the 
tension. 


ADHERENT AND SUSPENDED CAVITIES 


Inasmuch as the number, length, distribution and extent of adhesions 
present powerful mechanical factors, second only in importance to the 
condition of the wall, a differentiation of adherent and suspended cavities 
will be useful in any selection of the proper surgical method. An adher- 
ent cavity, firmly attached to the thickened pleural layers by broad ad- 
hesions, cannot heal either by retraction, or by the application of pressure, 
unless the pleura itself, representing the point of resistance, is freed and 
can retract from the bony framework. Apicolysis, with or without rib- 
resection, is the only means by which these cavities can be obliterated. 
A suspended cavity, fastened to the chest-wall by string- or band-like 
adhesions, is less rigid, since the stretching of adhesions will permit some 
degree of retraction. Pneumothorax should be tried for several months, 
and a satisfactory collapse can sometimes be induced if the mediastinum 
is fixed. In quite a number of instances we have seen that adhesions 
finally broke after having interfered with full compression for several 
weeks or months. It may be added that we never use high intrapleural 
pressures and that, among our patients, the incidence of spontaneous 
pneumothorax is exceedingly low. If, after several months, the pneu- 
mothorax still remains incomplete and if the adhesions prevent the 
closure of cavities, more radical measures must be considered. 


SURGICAL TREATMENT OF CAVITIES 


DRAINAGE IN QUIESCENT AND ACTIVE CAVITIES 


In a previous article the importance of proper drainage was empha- 
sized. Since then we have gathered the impression that drainage must 
be considered in conjunction with the pathological process within the 
cavity. An active cavity, the walls of which are still the seat of destruc- 
tive processes with a continuous flow of secretions, should be collapsed 
first, before the evacuation of the usually large amount of sputum can be 
interfered with by compression of the draining bronchus. A careful 
analysis of the factors to which success or failure of apicolysis with 
resection of the first rib can be attributed has convinced us that prema- 
ture obstruction of the draining bronchus causes retention and enlarge- 
ment of the cavity. With a large amount of sputum, or if a fluid-level 
is noticeable, or with elastic fibres present in the sputum suggesting 
activity within the cavity, the resection of all ribs above the lowest point 
of the cavity is indicated, so that the compression can take place from 
the bottom up. Inactive, chronic cavities, on the other hand, give a 
much better prognosis and respond to the most conservative rib-resec- 
tion. Here obstruction of the bronchus causes absorption of the air 
within the cavity, and thus facilitates retraction of the walls. 


ARTIFICIAL PNEUMOTHORAX 


If we group all the surgical methods for the treatment of pulmonary 
tuberculosis according to the stage at which, and the character of the 
lesion for which, they can be applied, we can see that pneumothorax, in- 
cluding methods of cutting adhesions, can be considered at an early stage, 
and that phrenicectomy can be used to great advantage at both an early 
date and a late stage. Thoracoplasty should be reserved for the late 
chronic case, with a pulmonic involvement of considerable extent and 
lesions which should not be exudative in character; there should also be 
evidence of sufficient fibrosis and of fixation of the mediastinum. The 
latter fact is so important that cases with a moveable mediastinum are 
hardly operable. 

The period, from the time when pneumothorax ceases to be applicable 
to the time when thoracoplasty can be considered, is beset by such dan- 
gers as haemorrhages with all their disastrous consequences, such as 
spread to the contralateral side, involvement of other vital organs, dam- 
age to the heart, etc., so that only a small percentage of surviving patients 
remain eligible for radical surgery. It is obvious that no matter how 
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extensively thoracic surgery is being used, only a comparatively small 
number of patients can expect salvation from thoracoplasty, and in the 
overwhelming majority we have to rely on the dietetic-hygienic regimen 
and on the use of more conservative methods by which we may hope to 
check progression of the disease at an earlier period. 

Artificial pneumothorax is accepted as a method of great curative 
value, but its importance as a preventive measure is as yet not fully 
appreciated. If adhesions, which interfere so often with full compression 
or which cause complete obliteration of the pleural space, form above 
diseased parts of the lung, then the question is open as to whether or not 
it is possible to prevent the formation of adhesions by separating in time 
the two pleural layers. Thus, if the round cavity develops from infil- 
trations, and if it is slowly converted into the rigid noncollapsible cavity, 
the possibility of preventing such unfavorable developments should 
attract our attention. It does not seem to be rational to wait for ad- 
hesions or cavitation, or for haemorrhages and bronchogenic spreads. 
We advocate the early use of pneumothorax because we fail to see the 
reason why we should not try to avoid events which endanger the pa- 
tient’s life and which can be prevented to a great extent by early pneu- 
mothorax. It is true that the patient may recover without artificial 
collapse, but he has to run considerable risk. In our experience, we have 
never had occasion to regret having employed pneumothorax at an 
early date, but we have seen many patients who could have been spared 
late and radical surgery, had pneumothorax been employed in time. 
While we favor early pneumothorax, we are, nevertheless, opposed to 
its indiscriminate use. There should be a definite parenchymal lesion, 
without any tendency to retrogression and systemic symptoms, that 
do not subside under bed-rest in a very short time, or evidence of cavita- 
tion. Under these conditions we consider early pneumothorax as the 
best treatment for both the initial lesion and subsequent foci of acute 
origin on the contralateral side. 

The technique of early pneumothorax differs in no way from that of 
its application at a later period. However, smaller amounts of air are 
given. In the absence of adhesions a selective collapse is always ob- 
tained, regardless of whether we aim at it ornot. The lung retracts very 
readily, and negative pressures and good fluctuation are, as a rule, ob- 
served. It is especially important to refrain from giving large amounts 
of air if pneumothorax is induced during an initial haemorrhage. A 
plug in the bronchus, combined with great retractability of the lung, may 
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produce an apparently complete compression, which is in reality a 
massive atelectasis, as we have had occasion to observe. For this reason, 
we start with 100 or 200 cc. as the first dose, never giving more than 300 
cc. for the next few inflations. After a few refills, the optimal amount of 
air and pressure values, which will maintain and stabilize the selective 
collapse, is easily determined. Unfortunately, patients in the stage of 
early infiltrations are rarely seen in institutions, and, on admission, cavi- 
tation is already present in many patients. Collapse of persistent or 
enlarging round cavities and the earliest possible collapse of peripheral 
cavities by pneumothorax represent the method of choice. The best 
results will be obtained if pneumothorax is started while the walls of the 
cavity are stil] elastic and the cavity easily collapsible, that is, before the 
round contour is lost and before migration is noticeable. 


PHRENICECTOMY 


Phrenic evulsion has been used both in early stages and in selected 
cases of far-advanced late tuberculosis. A medium-sized cavity without 
tendency to spontaneous obliteration is considered a definite indication 
for phrenic evulsion if, and as soon as, attempts at pneumothorax have 
been unsuccessful. We have seen shrinkage and obliteration of cavities 
in numerous cases even if the operation was performed preliminary to 
more radical surgery, but our percentage of closed cavities is not as high 
as, for instance, O’Brien’s. Quite often a partial upper thoracoplasty 
will be necessary for the closure of cavities. While we agree with Mat- 
son and others that the beneficial influence of phrenic evulsion may be 
attributed to increased rest and collapse of the diseased lung, we are led 
to believe that the main factor in the obliteration of cavities is the cica- 
tricial retraction which is made possible by the decreased tension under 
which the cavity-walls are kept. Phrenicectomy was used in far-ad- 
vanced cases for two reasons: we have observed a prompt haemostatic 
effect in a number of cases and consider this operation an excellent means 
of checking pulmonary haemorrhages in far-advanced phthisis; while the 
other indication holds true for all lung-collapsing surgical methods. 
This is that in a number of patients a severe ulcerative tuberculosis of 
the larynx, secondary, of course, to an active pulmonary lesion, has im- 
proved considerably or cleared up completely without any local treat- 
ment after a sufficient surgical collapse had been obtained, and we can 
confirm Cooper's and Benson’s observations that pulmonary improve- 
ment is often paralleled by laryngeal improvement. We believe, there- 
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fore, that laryngeal tuberculosis, far from precluding chest surgery rep- 
resents a formal indication for it. 

In the presence of noncollapsible adherent cavities the combination of 
pneumothorax with subsequent phrenicectomy is often useful, because 
the ascent of the diaphragm will cause a reduction of the tension which 
prevented the retraction of the cavity wall. 


PARTIAL THORACOPLASTY 


Since many chest-surgeons have claimed that a partial thoracoplasty 
cannot be effective, the rationale of this operation should be discussed 
briefly. If the principle of surgery, to save healthy tissues and to pre- 
serve their normal function as much as possible, is to observed in chest 
surgery, partial thoracoplasty must find its place in the surgical treat- 
ment of phthisis. The more extensive the lesion is the smaller will be 
the amount of normal lung tissue affected by the operation. On the 
other hand, the smaller the lesion, the greater will be the volume of 
normal pulmonary parenchyma which we should try to save, and the 
easier will the functional deficit be compensated by the increased activity 
of the remaining healthy portions of the lung. Depending upon the 
extension of the lesion, the extent of a throacoplastic operation must be 
carefully planned by the surgeon and the physician in charge, so that the 
measure is effective and still conservative. The operation must meet 
the requirements for reduction of the thoracic space to suit the case 
and, for this reason, a partial thoracoplastic operation can hardly be 
standardized as to its extent. 

The usefulness of a partial upper thoracoplasty has been assailed by 
many experienced chest-surgeons mainly from two angles. 

The first objection is based on the danger of an infection by aspira- 
tion if the upper portions of the diseased lung are collapsed before the 
lower parts are compressed. It is difficult to explain the reason why the 
same uanger should not exist, especially in recumbent patients, if the 
thoracoplasty is started at the bottom. Exchange of air between the 
compressed and the functioning portions of the lungs certainly takes place, 
but mostly between the contralateral lung and the diseased side, and to 
a much less degree between the upper and lower parts of the same hemi- 
thorax. Anybody, who has seen the lagging and shallow breathing of 
the entire side on which an operation has been performed and the com- 
pensatory increased function of the contralateral side, will be more con- 
cerned with the danger to the latter; and clinical observations suggest, 
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indeed very strongly, that the fear of involvement of the lower lobe of the 
same side has been greatly exaggerated. Bernou, for instance, has found 
that localized lesions of the upper lobe spread primarily to the other side. 
The pressure in the lung itself does not seem to have much influence on 
the direction of the flow of bronchial secretion. Geraud and Reynier 
at least have shown that iodized oil flows freely into the bronchi of the 
collapsed lung, even if a positive pressure exists in the pleural cavity. 
Finally, the work of Faulkner on internal drainage has proved that spill- 
ing of intrabronchial secretions to the other side does frequently occur, 
and that the intensity of the cough-reflex and the posture of the patient 
play an important réle in internal drainage. These observations and the 
difference in the functional activity of both sides lead us to believe that 
it is primarily the other side which is threatened by a spread due to 
aspiration. 

The second objection (Sauerbruch and many others) arises from the 
apparent impossibility to obtain a sufficient compression of the upper 
parts of the lung, unless large segments of the upper eight ribs are re- 
sected. The soundness of this argument must .be admitted, but it is 
frequently overlooked that the beneficial influence of a partial rib-resec- 
tion and that of a total thoracoplasty are based on widely different fac- 
tors. From the latter, we expect a collapse by pressure against a resist- 
ant structure, the fixed mediastinum. The compression of circumscribed 
parts of the lung which are surrounded by elastic lung tissue is for me- 
chanical reasons impossible; and a partial thoracoplasty, therefore, can- 
not be effective if we depend solely on pressure to induce collapse, when, 
of course, a number of ribs must be removed, sufficient to compress the 
upper portions of the lung in a horizontal direction against the upper 
mediastinum. The mechanical difficulties of compressing circumscribed 
rigid portions of the lung have been recognized by all surgeons who use 
extrapleural pneumolysis in conjunction with tamponing (Hauke, Graf 
and others). They insist on the presence of firm pleural adhesions 
against which the tampon can be anchored, and they warn against using 
pressure in introducing the plastic material, because the aim of the opera- 
tion is not collapse by pressure but the liberation of the tendency to 
retraction. 

The same principle applies to apicolysis with resection of a paraverte- 
bral segment of the first rib, an operation which was devised by our 
surgeon, Dr. H. E. Schiffbauer, and which gave us excellent results in a 
number of cases with large adherent apical cavities. An apical rib- 
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resection to free the lung from the superior ring of the thorax (Quincke) has 
been recommended with modifications by several continental surgeons 
(Bérard, Graf). The advantages of the operation, according to Schiff- 
bauer, who uses the anterior approach to the paravertebral segment of 
the first rib, are manifold and have been described in a previous article. 
Independently of Schiffbauer, a very similar operation has been devised 
by Lawers, as a review of the continental literature shows. The opera- 
tive results are similar to ours, and the surgeons who have used Lawer’s 
technique, such as Frangenhain, Bremer and Uhlenbruck, arrive at con- 
clusions which are almost identical with ours. French surgeons, too, 
who have recently advocated the posterior approach with a paraverte- 
bral incision (Proust and his coworkers, Mallet-Guy and Desjaques), 
claim that the main factor in the obliteration of apical cavities is the 
separation of the adherent pleura from the bony framework of the chest. 

A few cases in which we took serial X-rays demonstrate clearly that the 
obliteration of cavities takes place by concentric retraction, and that the 
mechanism by which the closure is effected is the liberation of the tend- 
ency to retraction (by freeing the adherent pleural layers from the bony 
framework). Since actual pressure apparently plays a negligible réle, 
we have so far refrained from adding additional pressure by a plastic 
material or organic tampons. The results, while excellent in some cases, 
have, however, been disappointing in others in which more radical sur- 
gery had to be resorted to. Since we always proceed from the most con- 
servative to more radical measures, we consider, at present, the resection 
of the first rib a very useful operation, which in some cases has the de- 
sired effect, while in others a partial upper thoracoplasty becomes neces- 
sary. In the following case an excellent result was obtained: 


Case 3: ME, male, 33 years, admitted 5/17/29. Repeated severe haemor- 
rhages. Phrenic evulsion and resection of first rib, 5/3/31. Figures 9 to 12 
(films taken 2/6/31, 7/11/31, 12/17/31 and 2/12/32 respectively) demonstrate 
the gradual obliteration of the large cavity. Sputum consistently negative 
since December, 1931. Unfortunately, we are so far not in a position to pre- 
dict the effectiveness of the simple apicolysis or to foresee the necessity of more 
radical surgery. In some cases a downward displacement, in others an enlarge- 
ment of the apical cavity, was noted. 


True to our policy to apply the most conservative measures first, we 
have in almost all cases performed an upper partial thoracoplasty as the 
first, and, as the results proved, as the final stage. On two patients only, 
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who had an involvement of and cavities in the entire side, and who, 
therefore, were in need of the most radical surgery, the resections were 
started from below. With upper-lobe cavities the first stage was done 
at the site of the lesion, thus attacking directly the seat of infection and 
the source of reinfections, and compressing portions of the lungs which 
are of little functional value to the patients. Circulation and respira- 
tion are thus taxed to a lesser degree and the postoperative shock is much 
milder because the function of the healthy parenchyma is not suppressed 
by the first stage. Thoracoplasty from above downward is advised by 
experienced chest-surgeons (Lilienthal, -Miller and Lambert) for the 
reason that toxaemia from the most involved upper portions should be 
effected and expectoration be facilitated. Our main reason for perform- 
ing the first stage at the site of the lesion is the early obliteration of 
upper-lobe cavities and the chance of saving healthy portions of the lung, 
which would be sacrificed by a total thoracoplasty. 

The immediate results of our treatment of cavities have been very 
gratifying, but on account of the short time of observation we refrain 
from giving statistical data at present. As immediate effects, however, 
we may mention various encouraging observations. The incidence of 
pulmonary haemorrhages in the collapse group of our patients is exceed- 
ingly low, and the improvement of laryngeal and intestinal tuberculosis 
likewise striking. Furthermore, the average length of sanatorium care 
has been shortened and the percentage of relapses markedly decreased. 
At a time when all public and charitable institutions are affected by a 
prolonged financial crisis the latter two facts are worth mentioning, be- 
cause they permit a better use of the limited number of beds at their 


disposal. 
COMMENTS 


A survey of the international literature on tuberculosis gives the reader 
the impression that opinions on the origin and treatment of pulmonary 
tuberculosis are undergoing a radical change. The discovery of the 
early infiltrate has undoubtedly started a scientific revolution, for which 
the soil had been prepared by Ranke’s work. While the attack launched 
by the continental writers was mainly directed against the traditional 
doctrine of the apical origin of phthisis, the present preventive and 
therapeutic methods are on trial too. As is the case in all revolutions, 
dissatisfaction with present conditions and economic factors are the 
powerful motive forces. 
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The results of the conservative methods in the treatment of pulmonary 
tuberculosis did not fulfill the hopes which the discovery of the tubercle 
bacillus had aroused. While it is true that great strides have been made 
in the control of tuberculosis, the lethality of the disease has declined to 
a much less degree than morbidity and mortality. The high death-rate 
in general hospitals, the great percentage of far-advanced cases in all 
private and public institutions, and the frequency of relapses seem to 
indicate that all attempts at preventing the progression to late, fatal 
tuberculosis by conservative measures have not been successful. 

Among the economic factors the high cost of prolonged sanatorium 
care for private patients must be mentioned, and likewise the increasing 
difficulties which all public agencies experience in providing proper care 
and financial aid for the indigent chronic patient, especially in times of 
economic stress. There is an unmistakable demand for a time-saving 
and less expensive treatment and, at the same time, for a therapy which 
aims, not alone at the disappearance of symptoms, but also at an eco- 
nomic cure which will enable the patient who has had the benefit of long 
sanatorium treatment to become and to remain self-supporting. The 
pendulum now is swinging toward more radical procedures. The value 
of thoracic surgery is being more and more recognized, and its use has 
increased even more rapidly than the supply of properly trained surgeons, 
as Alexander recently has pointed out. Chest surgery has gathered 
momentum primarily because conservative methods to obliterate cavities 
have failed. It must be remembered that thoracic surgery is the treat- 
ment of late pulmonary tuberculosis, of rigid cavities and of unwieldy 
scar-tissue. Pneumothorax, on the other hand, can, and should be, 
applied at an early stage, when the young granulation tissue is pliable, 
and when the cavity-walls are elastic, and adhesions are either not yet 
formed or are not strong enough to interfere with compression. 


CONCLUSIONS 


1. The differentiation of cavities according to their localization, the 
nature and distribution of adhesions, drainage, and the pathological 
process within the cavity take into account important mechanical fac- 
tors and are useful as a basis for definite indications and contraindica- 
tions. 

2. The peripheral cavity presents a strict indication for immediate 
collapse. 

3. By the early use of pneumothorax, in infiltrations that do not re- 
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trogress in a short time, the formation of cavities and of adhesions may 
be prevented. 

4. The suspended cavity should be recognized and the distention of 
the cavity by adhesions and pneumothorax should be avoided. 

5. Phrenicectomy is applicable for the obliteration of cavities if and 
as soon as compression by pneumothorax proves unsuccessful. It can 
be used to great advantage in conjunction with incomplete pneumo- 
thorax, or partial or total thoracoplasty. In far-advanced pulmonary 
tuberculosis, phrenicectomy has a good haemostatic effect and is apt to 
improve laryngeal and intestinal tuberculosis. 

6. After partial upper thoracoplasty the closure of cavities takes place 


by concentric retraction. 

7. A thoroacoplastic operation cannot be standardized as to its extent. 
No untoward effects were observed if the first stage was done on the 
upper ribs. Good results can be obtained by a partial upper thoraco- 
plasty. If the cavities are collapsed first, normal portions of the lung 
can be preserved, and it may not be necessary to perform a total 
thoracoplasty. 
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RUPTURED LUNG DURING THE INDUCTION OF 
ARTIFICIAL PNEUMOTHORAX! 


A. A. KARAN 


The occurrence of spontaneous pneumothorax during the course of 
artificial pneumothorax is frequently mentioned in the literature on the 
subject of collapse therapy. The experience of many authors (Heise 
and Krause (1), Marshak and Craighead (2), Kahn (3) and others) indi- 
cates that it is a serious complication. The prognosis is certainly poor 
if the spontaneous pneumothorax is due to rupture of a cavity or tearing 
of the visceral pleura over a superficial caseous focus. On the other 
hand, Matson, Matson and Bisaillon (4) claim that ‘Spontaneous pneu- 
mothorax or lung perforation into the pneumothorax cavity occurs with 
greater frequency than is generally recognized, for the reason that some 
cases are not productive of symptoms and in others the symptoms are so 
mild that they are attributed to other causes.’ Fishberg (5), citing W. 
Parry Morgan, remarks that ““Pneumothorax is more often produced 
while inducing an artificial pneumothorax than is generally supposed.” 
Fishberg (5) is also of the opinion that “‘on the whole, this complication is 
harmless in most cases.” 

In order to determine the frequency of occurrence of lung rupture 
during or immediately following the induction of artificial pneumothorax, 
this writer closely observed all the patients induced by him during a one 
year period (November 1, 1931, to October 31, 1932). During this time 
artificial pneumothorax was instituted in 70 patients. The technique 
was identical or similar to that used in many other institutions in this 
country. The needle most frequently employed by the writer was a 21- 
gauge, 1{ inch sharp-pointed needle. As a rule, the one needle was used 
both for infiltration of the anaesthetic and for insufflation of the air. 
Within 24 to 48 hours following induction or attempt at induction of a 
pneumothorax the patients were fluoroscoped, and, if the presence of 
air was visible in the pleural cavity, a roentgenogram was taken before 
any more air was introduced. It should be noted here that all the roent- 
genograms were taken during full inspiration. 

1 From the State Sanatorium, Wallum Lake, Rhode Island, Dr. H. L. Barnes, Superin- 
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Fic. 1, Case 7. Partial collapse of right lung obtained by artificial pneumothorax in 
one month. Pneumothorax over the outer part of the left upper lobe with a narrow strip 
extending to the base. Roentgenogram taken 48 hours following attempt at induction of 
pneumothorax on the left side. No air was introduced during the attempted induction. 


Fic. 2. Case 7. Two months following spontaneous rupture of left lung during attempted 
induction. Bilateral partial pneumothorax. Collapse essentially limited to both upper lobes. 
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Fic. 3. Case 6. Uniform collapse of left lung. Roentgenogram taken 24 hours following the attempt at induction of pneumothorax 
on left side. No air was introduced into the pleural space during the attempt at induction. 


Fic. 4. Case 5. Uniform collapse of right lung. Roentgenogram taken 48 hours following the introduction of 150 cc. of air during 
the induction of pneumothorax on the right side. 


Fic. 5. Case 1. Uniform collapse of right lung. Roentgenogram taken 48 hours following the introduction of 400 cc. of air during the 
induction of pneumothorax on the right side. 
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In the 70 patients thus observed, rupture of the lung during the induc- 
tion of pneumothorax, or at any time before the first refill, occurred in 
9, or about 13 per cent, of the cases. In 6 of the 9 patients, the amount 
of air introduced into the pleural cavity during the initia] treatment 
varied between 150 and 400 cc. (table 2). Roentgenological evidence 
(figures 4 & 5) revealed a degree of fairly uniform lung collapse which 
could be explained only by the leakage of air from the lung. In each of 
the remaining 3 patients, no air entered the pleural cavity from the reser- 
voir during the attempt at induction of artificial pneumothorax; yet. 
the fluoroscope and roentgenograms showed the presence of a limited 
pneumothorax in one of these cases (figures 1 & 2) and a fairly extensive 
collapse in the other two (figure 3). 

In the 6 patients who received the customary amount of air, nothing 
unusual was noted during the initial operation. It is, perhaps, of inter- 
est to relate why air was not allowed to enter the pleura, during the 
attempted induction, in the other 3 cases in this series. The following 
is a brief account of the attempts at induction in these three patients: 


Case 6: O. L., white, male, age 36. Extensive fibrocaseous lesion with 
cavity-formation, essentially unilateral. Artificial pneumothorax on left side 
attempted on June 27, 1932. Two punctures were made, one posteriorly and 
one in the axilla, but no oscillations of the water-column in the manometer 
were noted. The needle was withdrawn each time without allowing any air 
to enter the chest. No further attempts were made that day. The patient 
was fluoroscoped the following morning and a uniform pneumothorax, occu- 
pying the outer third of the left chest, was noted. A roentgenogram (figure 
3) was taken before any air insufflations. Artificial pneumothorax has been 
continued and the patient is in very good condition. 


Case 7: J. N., white, male, age 21. This patient had bilateral fibrocaseous 
lesions with cavities essentially limited to both upper lobes. The general 
condition of the patient was good, and a bilateral artificial pneumothorax was 
considered the treatment of choice. On July 30, 1932, pneumothorax was 
induced on the right side. By the end of August, 1932, a fairly effective col- 
lapse of the right upper lobe was obtained. On September 1, 1932, an attempt 
was made to institute pneumothorax on the left side. A puncture was made 
posteriorly, just below the angle of the scapula. While the manometer 
was being observed, the patient complained of nausea and dizziness. The 
needle was immediately withdrawn, before any oscillations of the water-column 
in the manometer were observed. The symptoms the patient complained of 
disappeared shortly after the attempted induction. The patient was fluoro- 


RUPTURED LUNG DURING ARTIFICIAL PNEUMOTHORAX 433 


scoped 48 hours later and a pneumothorax over the outer part of the left upper 
lobe, with a narrow strip extending to the base, was noted. A roentgenogram 
(figure 1) was taken before any further attempts at introduction of air. Pneu- 
mothorax has been continued and the patient has a moderate collapse of both 
upper lobes (figure 2). 


Case 9: E. R., white, female, age 26. Fibrocaseous lesion with cavity in the 
left upper lobe with pneumonic lesion in the lower third of the left lung. On 
November 19, 1931, pneumothorax was attempted on the left side. A punc- 
ture was made posteriorly, just below the angle of the scapula. Oscillations 
of the water-column in the manometer revealed a pressure of minus 10, minus 
4. While the manometer was being observed, the patient became very rest- 
less and shifted her position on the table. The needle was withdrawn before 
any air was introduced into the pleural space. The patient was questioned 
concerning any unusual symptoms which might have been caused by the in- 
sertion of the needle, but she claimed that nothing ‘“‘bothered”’ her except that 
she was “‘scared” and “nervous.” The patient was fluoroscoped the following 
morning and a pneumothorax occupying the outer half of the left chest was 
noted. Pneumothorax refills have been continued, and at the present time 
the patient is in very good condition. 


Careful observation of the 9 patients, before and after the occurrence 
of lung rupture, revealed that the clinical picture did not differ from that 
ordinarily seen following induction of pneumothorax unaccompanied by 
this complication. Table 1 shows that, in the majority of these cases, 
the variation in pulse and temperature prior to and following the com- 
plication would not lead one to suspect that spontaneous pneumothorax 
had occurred. All the patients complained of a sense of fulness in the 
chest, and some complained of pain on the treated side; however, these 
symptoms were not sufficiently marked that they could not have been 
accounted for by the first intrapleural insufflation of the usual amount of 
air. 

Table 2 shows the manometric readings, observed in each patient dur- 
ing the induction of the pneumothorax, and those noted during the first 
refill. It is evident in all these cases that, following leakage of air from 
the lung, the intrapleural pressure remained negative even after the ad- 
dition of air during the first refill. 

It is interesting to note that in none of the 9 patients did pleural effu- 
sion develop concomitantly with the lung perforation. Indeed, in 5 of 
the 9 cases effusion has not been observed at all. In the remaining 4 
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patients, pleural exudate developed several weeks or months following the 
induction, but in no instance could the effusion be directly attributed to 
the complication occurring during the initial insufflation or attempt at 
insufflation of air. 


TABLE 1 


Age and sex; temperature and pulse before and after induction 


CASE NUMBER 


EVENING BEFORE INDUCTION 


EVENING AFTER INDUCTION 


Temperature 


Temperature 


WN 


male 
female 
male 
female 
male 
male 
male 
male 
female 


99.0 
99.0 
98.6 
99 .6 
100.4 
100.0 
99.0 
98.6 
99.4 


°F. 
99.4 
99.6 
99.0 
101.0 
100.6 
100.0 
99.0 
99.0 
99.4 


TABLE 2 


Amounts of air and manometric readings during induction and first refill 


CASE 
NUMBER 


INDUCTION 


FIRST REFILL 


Initial reading 


Amount of 
air 


Final reading 


Initial reading 


Amount of 
air 


Final reading 


—8, —4 
—5, —2 
—6, —2 
,—4 
—4, —2 
no reading 
no reading 
—6, —3 
—10, —4 


cc. 


400 
300 
400 
400 
150 
none 
none 
400 


none 


—4 
=J 
—6 
—3 
—2 


ce. 


500 


—4,0 
—3, 
—2, 
—1.5, 0 


Note: The Floyd-Robinson manometer was used in the determination of 


readings. 


COMMENT 


the above 


The diagnosis of spontaneous pneumothorax in cases 6, 7 and 9 is ob- 
vious, since no air from the outside entered the pleural cavity. In the 
remaining patients the diagnosis of lung rupture was based on roentgeno- 


Pulse | Pulse 
19 96 100 
23 104 124 
35 90 74 
22 90 96 
34 92 108 
36 72 92 
21 92 90 
18 78 84 
26 | 98 | 96 | 
—3, —1 
—3, —2 400 
—4, —2 300 
—7,—-1 500 
—2, 400 
no reading 300 
no reading 300 
—7, -3 500 
no reading 500 
Cd 
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logical evidence. Following induction of pneumothorax with the usual 
amounts of air (200-400 cc.), the detection of pneumothorax pockets on 
the fluoroscope or roentgenogram is a not uncommon observation. How- 
ever, in the cases presented here a fairly uniform collapse, ranging from 30 
to 50 per cent, was noted in each patient. 

Following the induction of pneumothorax in a tuberculous lung with 
an existing partial atelectasis, or atelectasis occurring subsequent to 
artificial pneumothorax (Stivelman (6), Sokol (7)), there is an increased 
negative intrapleural pressure, and the roentgenogram in such instances 
would give the impression of a greater amount of air in the pleural space 
than was introduced. In a few of the cases in this series lobular atelec- 
tasis was present before and after the induction; however, the large de- 
grees of collapse noted on the roentgenograms could only be accounted 
for by leakage of air from the lung. 

It is difficult to find a common cause for the lung rupture in these 
patients. In cases 6, 7 and 9, the needle probably punctured or lacerated 
the visceral pleura. The possibility of rupture of a marginal emphyse- 
matous bleb cannot be ruled out (Bronfin (8)). In the remaining 6 
cases either one of the above causes might have been responsible for the 
complication; or the introduction of air might have torn adhesions, rup- 
turing the lung and causing a leakage of air from the lung into the pleural 
space. 

It has been shown, in this series of 9 cases, that no harm resulted from 
this complication. The only unexpected findings were degrees of lung 
collapse greater than were intended following the induction. In at- 
tempting unilateral-collapse therapy such a complication is apparently 
harmless; however, in patients in whom bilateral-pneumothorax therapy 
is considered, such an accident may prove very serious. In bilateral- 
pneumothorax therapy it seems a wise precaution, therefore, to have the 
initially treated lung only very moderately collapsed before pneumo- 
thorax is induced on the contralateral side. 


SUMMARY 


1. During a one-year period pneumothorax was instituted in 70 
patients. Spontaneous pneumothorax during induction or at some time 
before the first refill occurred in 9, or about 13 per cent of the cases. In 
3 of the 9 patients, no air was insufflated into the anes cavity during 
the attempted induction. 

2. Careful observation of these 9 patients revealed that the clinical 
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picture did not differ from that ordinarily seen following induction of 
pneumothorax unaccompanied by lung rupture. 

3. Since this complication is not uncommon during induction of arti- 
ficial pneumothorax, it is a wise precaution in bilateral-pneumothorax 
therapy to have the initially treated lung only very moderately collapsed 
before pneumothorax is induced on the contralateral side. 


The writer wishes to express his gratitude to Dr. V. H. Danford for his aid in preparing 
this paper, and to Mr. F. Denham and Mr. A. Haytaian for their codperation in taking the 
roentgenograms. 
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A NEW ARTIFICIAL-PNEUMOTHORAX TECHNIQUE! 


R. N. PERLSTEIN anp W. F. LESLIE 


It can hardly be doubted that the majority of phthisiologists actively 
engaged in the treatment of the disease rely very largely upon some form 
of collapse therapy. Of the comparatively few methods that have proved 
valuable, the most available and the one productive of most beneficial 
results is artificial pneumothorax. Admitting these premises, it is neces- 
sary to point out that our methods of giving pneumothorax vary a great 
deal and in some hands are apt to be a bit archaic. 

It is not the purpose of this report to present a new pneumothorax 
machine. The authors are well aware that there are almost as many 
of these as there are phthisiologists. We thought that it might be of 
some interest, however, to report on a technique developed by us that 
has proved to have many advantages over the older methods in use. 

With the increase in the number of patients getting artificial pneumo- 
thorax, it becomes increasingly more difficult for the limited staff of an ac- 
tive institution to cope with them. By the use of the two-bottle appa- 
ratus of whatever refinement, the treatment is time-consuming and a 
great deal of this time is wasted in juggling bottles and waiting for them 
to fill and empty, in adjusting valves and other tedious processes which 
become progressively more annoying when multiplied by twenty or 
forty. Likewise there is very little reason, in an institution that is 
staffed by men all of whom have had experience with the treatment, why 
the latter should be in the hands of one man. 

With these shortcomings in mind an apparatus was constructed which 
contains little of the original but, we feel, much of the practical. Essen- 
tially simple and rugged, it admits of an adequate air-capacity without 
any manipulation of water reservoirs or sliding tanks; allows three men to 
work simultaneously, with the assistance of only one nurse, and permits 
of just as careful a control of both patient and apparatus as any machine 
known to the authors. It consists of a cylindrical tank (X, figure IT) 
whose capacity is about 1 cu. ft. or approximately 28,500 cc. This acts 
as the main storage reservoir for air. Connected to this by metal tubing 


1 From the Leahi Home, Honolulu, Hawaii. 
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Fic. I. Layout oF PNEUMOTHORAX RooM 
A: Tables for patients 
BB & B: Stretcher used to give refills to sick patients 
C: Manometer stands, each supporting one water and one mercury manometer 
D: Door of treatment room 
E: Chart table for the use of the nurse 
F: Stool for nurse 
H: Rubber tubes connecting two-way valves to manometers 
T: Instrument tables containing sterile needles, syringe, novocaine, pneumo sheets, etc. 
V: Two-way valves 
X: Table top of pneumothorax machine 


Fic. II. DracRAMMATIC REPRESENTATION OF PNEUMOTHORAX MACHINE 


D: Simple Schrader (pneumatic tire) valve for filling main tank 
G: Pressure gauge for main tank 
M: Stands for manometers 
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T: “T” connection between needle valves, secondary tanks and mercury manometers 

V: Needle valves for filling secondary tanks from main tank 

Y: Secondary tanks of 1-gal. capacity each, containing air at 2? lbs. per square-inch 
pressure 

X: Main storage tank of 1 cu.-ft. capacity containing air at 15 lbs. per sq.-in. pressure 

Fic. III. Diagrammatic representation of stand for the water and mercury manometers, 
showing metal tubing (dotted line) connecting to mercury manometer and valve via rubber 
tube, water manometer and scales for these. 

Side elevation showing method of mounting manometers on wooden supports. 
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are 3 secondary tanks of 1 gal. capacity (Y), each of which connects to a 
mercury column. These tanks are made of monel metal and are stored 
within a wooden cabinet, to the top of which are fixed three upright scales, 
each of which contains two manometers, a water and a mercury. The 
former is connected to a rubber tube about 40 inches long, and the latter 
toasimilarone. Both of these run to a two-way valve which fits into the 
pneumothorax needle. Before work is started the main tank (X) is 
filled with air by an ordinary hand pump to a pressure of 14 or 15 lbs., 
as indicated on the gauge (G). When work has been started, the secon- 
dary tanks are filled from the main one by the nurse who operates the 
three needle valves (V) and is guided by an arbitrary mark on the back 
of each mercury manometer. 

The operator begins a refill with the two-way valve set to open to the 
water manometer. As soon as entrance is effected and a free reading is 
obtained, the valve may be turned ‘o air and this delivered as slowly as 
may be necessary by varying the valve opening, the amount being 
gauged by the fall of the mercury column. A fall of 1 cm. corresponds 
to 100 cc. The valve may then be turned back to the water manometer 
and another reading taken. This is continued until the required pressure 
is attained, the whole refill being entirely controlled by the physician 
who gives its. Each of the three operators is entirely independent of the 
others and may operate as rapidly or as slowly as conditions require. 
Between refills the nurse manipulates the needle valves (V), which are 
exposed on the outside of the cabinet, and keeps a supply of air con- 
stantly available in the secondary tanks. 

The system in use here is based on three operators who work simul- 
taneously. The layout is diagrammatically represented in figure I, 
which shows the machine placed in the centre of the room with three 
tables grouped around it, the one nearest the door being reserved in part 
for stretcher patients who are brought in and given air without leaving 
their wheeled stretchers. Each operator has a small bedside table fully 
supplied with all things necessary for his work, including the two-way 
valves. These valves are sterilized and connected to the tubes of the 
apparatus before beginning work by the physician. They are kept on a 
sterile towel when not in use. 

The employment of this method and this apparatus has enabled us to 
complete a large group of refills with a minimum of delay and a maximum 
of safety and efficiency. The time, it can readily be realized, is conserved, 
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not at expense of safety or controllability, but at that of such inconven- 
iences and delays as are commonly encountered with the older systems 
and machines. Although the authors do not mean in any way to stress 
the saving of time, this being a topic highly tabu in most pneumothorax 
discussions, it must be mentioned that in the hands of experienced men 
routine refills need not be approached in fear and trembling; and a rapid 
refill, within reasonable limits, is conducive to greater efficiency and lesser 
mental disturbances on the part of both the patient and the physician. 
The ability to do between 50 and 60 refills in one morning thus enables us 
to set aside two mornings a week for pneumothorax and leaves the rest of 
our time available for the many other tasks incidental to the medical 
regime of a large active sanitarium. We have used this system for 
almost 2 years and have given about 5,000 refills with it. 

This report, to conclude, has attempted to summarize a method by 
which a considerable saving of time and increase of efficiency may be ef- 
fected in pneumothorax work. The machine, it must be understood, is 
only incidental to this, and anyone interested in our ideas may construct 
and use one similar to it or differing in any particular that may conform to 
ideas or prejudices held elsewhere. The essentials of the method, how- 


ever, which comprise the treatment of two or more patients simultan- 
eously, the use of an apparatus that enables this to be done in as simple 
and rapid a manner as possible, the complete control of both patient and 
apparatus by the operator himself and the conservation of time and the 
services of assistants are such as to compel the interest of all who are 
actively engaged in the use of pneumothorax in the treatment of 
tuberculosis. 
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AN OLEOTHORAX APPARATUS 
MARK H. JORESS! 


Introduction: The method of introducing antiseptic or aseptic oils into 
the pleural cavity dates back to 1915, when Burnand injected gomeno- 
lated olive oil into a pyothorax cavity which had complicated a case of 
tuberculosis. During subsequent years Bernou conducted numerous 
experiments with the view of ascertaining the tolerance of the pleura for 
various substances, particularly oils. Bernou announced in 1922 that 
he had succeeded in introducing large amounts of oil into the pleural 
cavity. In fact, he had succeeded in filling the entire pleural cavity, 
and named the procedure oleothorax. 

Technique of Oleothorax: The technique most commonly employed 
consists in the use of a Record syringe, to which is attached a thoracente- 
sis needle. If an ordinary serous exudate is present, it is aspirated 
before introducing the oily substance. If the pleural fluid is a tuber- 
culous empyema or a septic exudate, the pleural cavity is subjected to 
repeated irrigations with salt solution until one is ready to proceed with 
the oleothorax. 

Apparatus and Technique: A review of the various instruments and 
techniques employed points to the following: (1) they are cumbersome in 
handling the procedure; (2) they are mechanically unstable. 

It appeared to the writer, therefore, that an apparatus could be con- 
structed, which will meet the requirements both for the ready instillation 
of the oily substance, and at the same time be so workable as to be easy 
of manoeuvre. 

The apparatus herein described was devised by the writer in collabora- 
tion with a former colleague, Doctor Dufault of the State Sanatorium, 
Rutland, Massachusetts. The following are its component parts: 


(1) Set of rubber tubing 

(2) Luer syringe 

(3) Water manometer 

(4) Three-way oleothorax needle 


1 Boston, Massachusetts. 
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As seen in the accompanying diagram, a 20-cc. syringe, A, is mounted 
on the apparatus backboard; to the syringe is attached a short tube, the 
lower end of which communicates with the central piece of a metal Y-tube B. 
To the two other limbs are attached pieces of tubing, one leading into a 
beaker containing the oily substance to be used, or salt solution CC’; the 
second tube communicates with the central limb of the specially devised 
oleothorax needle D. The Y-piece described is mounted on a retainer 
attached to the base-board of the apparatus, and has a two-way arrange- 
ment of stop-cocks, permitting a flow through it from beaker to syringe, 
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and syringe to needle and pleural cavity. The oleothorax needle used 
consists of three limbs with a stop-cock on each: (a) lower limb to which 
is attached a tube serving as a vent, in case an exudate is to be evacuated. 
If the latter cannot flow readily because of the viscosity of the effusion, a 
vacuum bottle may be utilized. (b) The middle limb, already described, 
serves to carry either the irrigating salt solution or the oily substance. 
(c) The upper limb of the needle is in constant communication with the 
manometer seen mounted on the backboard, and serves as a constant 
gauge for the degree of intrapleural pressure during the induction of the 
oleothorax. 
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MARK H. JORESS 


SUMMARY 


1. An oleothorax apparatus is described. 
2. The apparatus is found to be practical because of stability and 
simplicity in operation. 


I acknowledge my appreciation to Mr. Thayer, superintendent of Codman and Shert- 
leff Co., Boston, manufacturers, for his helpful suggestions during the construction of the 


apparatus. 
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THE ARTIFICIAL LARYNX IN THE TREATMENT OF 
TUBERCULOUS LARYNGITIS 


JEROME HEAD 


The prolonged silence necessary for the cure of tuberculous laryngitis 
is inconvenient and tiresome. To relieve the monotony of it and to make 
it possible for the patient to communicate more normally with attendants 
and visitors we have adopted the use of the artificial larynx. This 
instrument, developed by the Bell Telephone Laboratories primarily 
for use by patients who have undergone laryngectomy, enables one to 
talk without use of the larynx or the lungs. A stream of air produced 
by a bellows which the patient carries under his arm is blown over a metal 
reed, the vibration of which produces a basic note to take the place of that 
normally made by the vocal cords. By a small rubber tube held in the 
mouth this stream of sound is conducted into the phonating chambers of 
the mouth and nasopharynx where, as the patient simply forms the word 
which he wishes to speak, the sound is so modified as to be easily under- 
standable as the spoken word. In normal speech the sound is made by 
the air exhaled from the lungs passing over and setting into vibration the 
vocal cords. The words are formed by the modifications of this sound 
brought about by the different positions of the mouth, tongue and lips. 
With the artificial larynx the acts of phonation are the same while the 
sound is produced by the vibration of the reed caused by the air forced 
from the bellows. 

It was feared that in using the instrument the patient would uncon- 
sciously breathe as he does in actual talking or even with exaggeration 
and that there would be, therefore, an undue strain upon the lungs. To 
determine whether or not this was the case, a patient receiving artificial 
pneumothorax was made to speak normally and with the artificial larynx 
while the needle was in the pleural cavity, and the changes in intrapleural 
pressure could be observed. During normal speech the pressure rose 
appreciably; during speech with the artificial larynx it did not. This is 
evidence that in the latter case the patient does not use the lungs as he 
does in normal conversation. 
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To speak intelligibly with the artificial larynx requires considerable 
practice. Unless the patient is told this he is apt to become discouraged 
after his first clumsy attempts and to return to his pad and pencil. The 
one patient who is at present using it has persisted, has been considerably 
diverted by her toy, and now, after several weeks, has come to regard 
it as indispensable. 
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THE ERADICATION OF CHRONIC TUBERCULOUS MID- 
DLE-EAR AND MASTOID DISEASE IN THE 
TUBERCULOSIS PATIENT! 


IRVING MUSKAT? 


Surgery in the patient with active pulmonary tuberculosis has always 
been looked upon as a grave detriment to the patient, because of a low 
bodily resistance. The treatment fundamentally relied upon has there- 
fore been the general building up of resistance to combat the disease. 
The main thought of this idea has not changed, but, in the past few 
years, physicians treating tuberculosis have learned and accepted the 
value of such surgical procedures as thoracoplasty, artificial pneumo- 
thorax and phrenicectomy. The value of surgery has extended to other 
tuberculous conditions and complications. Thus, no one will gainsay 
that cautery puncture is not of great value in treating a tuberculous 
epiglottis, nor can one deny the value of superior nerve resection for the 
control of incessant dysphagia, caused by a tuberculous laryngitis, the 
control of which allows the patient to obtain sleep and sufficient food. 
I have written and preached the value of these procedures, and those 
who have followed this work at the Oak Forest Tuberculosis Hospital 
have given me courage to work in a related field. This field is the eradi- 
cation of a tuberculous mastoiditis under local anaesthesia in a patient 
with active pulmonary tuberculosis. 

The fundamental indication for surgical attack here is the same funda- 
mental indication for the eradication of a tuberculous focus elsewhere, 
as in the spine or knee, or a psoas abscess, or a tuberculous kidney. 
There can be no contraindication because of a pulmonary lesion when 
such an operation has proved to be of great benefit to the patient. 

The literature is full of case-reports in which mastoid operations were 
performed for the cure of acute mastoid involvement, demanding surgery, 
like a subperiosteal abscess, the result of an acute exacerbation of an 


1 Presented at the Mississippi Valley Conference on Tuberculosis and meeting of Mississippi 
Valley Sanatorium Association, Indianapolis, Indiana, September 12, 1932. 
2 I wish to thank Dr. Schlack and Dr. Marks of our institution for their enthusiasm and 
support in this work. 
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acute or chronic tuberculous ear, with and without associated active 
pulmonary tuberculosis, in infants as well as in adults. I am not con- 
sidering such cases per se, as the demand for mastoid exenteration is 
self-evident. Yet its performance has a supporting value in the chronic 
cases which I am about to present to you. These cases are the chronic 
tuberculous middle-ear suppurations, associated with active pulmonary 
tuberculosis, which to the casual observer presents only a discharging 
ear and the complaint of deafness. 

The usual history of a painless onset, and the infrequency of acute 
intracranial complications so frequently seen in pure pyogenic middle-ear 
and mastoid disease, have incurred the negligence and lack of interest in 
the study of the tuberculous middle-ear disease by the physician. There- 
fore, unless he acquaints himself with its pathology he is unaware of 
what is going on in these mastoids, and cannot begin to realize its effect 
on the general health of the individual. Any chronic discharging ear 
is a drain on the vitality of the patient, not considering the added effect 
of the loss of hearing and the possibility of an acute exacerbation with 
fatal intracranial complications. But, should I open the mastoid of a 
few of these apparently innocent discharging ears and show you the 
wide tuberculous destruction, you would realize its importance to the 
patient. 

If we then can remove this added focus of tuberculous absorption 
without jeopardizing the general health by a surgical procedure, we are 
justified in doing so. Moreover, if the patient rapidly begins to gain 
weight, feels better, becomes more cheerful and the ear stops discharging, 
you have removed the possibility of intracranial complications, and you 
have stopped the progress of steadily diminishing hearing, and there 
can be no question of the value of the procedure. Furthermore, a 
patient, who fares badly after such a mastoid operation under local anaes- 
thesia, with the purpose also of conserving his nervous system, will not 
survive his lung infection either. There is practically no shock involved 
in removing diseased bone, and the sensitive skin and middle ear are 
controlled by the infiltration of a local anaesthetic, which is small in 
amount and of no toxic consequence. 

Not all chronic discharging ears in these active pulmonary-tuberculosis 
patients were operated upon, but only those that showed tubercle bacilli 
in the discharge. No doubt there are many more tuberculous ears in 
which it is difficult to demonstrate tubercle bacilli, and this consideration 
will be dealt with at a later time. 
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I have not operated upon those cases in which the history pointed to 
an acute painful onset, without any indication of a tuberculous invasion. 
In the absence of finding tubercle bacilli, the character of the discharge, 
the picture of the drum, the marked loss of hearing, and the labyrinthine 
involvement, together with the X-ray and the effect of local treatment, 
have guided me in determining the indications for a mastoid operation. 
In other words, only characteristic tuberculous suppurations were 
operated upon. 

In presenting to you the results in my operated cases in tuberculosis 
patients, I am not unaware of the literature and work of others regarding 
local treatment with heliotherapy, tuberculin injections, etc. I am not 
belittling their value in certain cases, but I cannot see how a ray of light 
thrown down a narrow canal, or a few drops of a solution can cure an 
extensive tuberculous process, beyond the confines of the middle ear, 
as is so frequent in these cases. For tuberculosis of the middle ear is a 
chronic infection, not only of the mucous membrane but also of the 
temporal bone, that is, beyond the confines of the middle ear. Its judi- 
cious treatment is therefore complete removal of diseased bone by a 
radical mastoid operation. 

The local radical mastoid operation is performed as follows: The night 
before operation, sodium amytal, gr. 3, is given by mouth, to ensure 
rest. Another 3 grains are given on arising and again at 1 P.M., at which 
time also morphine, gr. § to }, is given subcutaneously. At 1.45 p.m. 
the patient is on the operating table, quietly resting. Nupercaine, 
1:1000, or 0.25 per cent butyn solution, or 1 per cent novocaine infiltra- 
tion anaesthesia is used. I consider nupercaine the best anaesthetic 
because of its prolonged effect, the anaesthesia lasting from 6 to 10 hours 
or longer. The sensitive mucous membrane of the middle ear is con- 
trolled with 10 per cent cocaine pledgets put into it. The usual classical 
complete radical mastoid operation is performed, and is followed by 
no shock. 

The usual postoperative treatment is followed. The healing of the 
mastoid cavity by epidermization ensues, with usual regularity, resulting 
in a dry, safe and healthy ear. 


Cases 


1: M. V., white, age 50, entered Oak Forest Tuberculosis Hospital, March 3, 
1931, with fairly advanced, bilateral pulmonary tuberculosis, dating back to 
October, 1930. Had chronic discharging right ear of 8 months’ duration, 
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which began without pain. Facial paralysis of 2 weeks’ duration had occurred 
suddenly. Examination revealed purulent, foul-smelling discharge from right 
ear. There was maceration of the external canal, with a boggy, mat-like, gray, 
stringy secretion in region of drum, which was difficult to remove. Complete 
peripheral facial paralysis present. Smears showed tubercle bacilli. Func- 
tional tests revealed absolute deafness and dead labyrinth. A local radical 
mastoid operation was performed, April 23, 1931. An extensive broken-down 
mastoid was found, the cells replaced with a thick, green-yellow, foetid exudate. 
Operation also disclosed a fistula into the facial ridge, a perisinous abscess and 
exposed middle fossa, which was covered with pale flabby granulations. Ex- 
ternal labyrinthine wall markedly thickened. Postoperatively the cavity 
healed in and became completely epidermized, leaving a dry clean cavity. 
Facial paralysis decreased. Since operation, at which time patient weighed 
109 pounds, health markedly improved, and on July 9, 1932 he weighed 145 
pounds. 


2: G. H., white, age 53, entered hospital November 13, 1931, with a far-ad- 
vanced, active, bilateral pulmonary tuberculosis, which began as a cold in 
February, 1931. Complained of bilateral chronic otitis media of one year’s 
duration, with almost total loss of hearing, which had developed rapidly. No 
pain at any time. Examination revealed characteristic, thick, tenacious, 
putty-like secretion in region of drums, which were destroyed and replaced by 
red granulations. Smears positive for tubercle bacilli. Functional tests re- 
vealed total loss of hearing on right side and almost total loss on left. Laby- 
rinthine reactions were greatly reduced. Local left radical mastoid operation 
performed February 4, 1932. There was marked destruction of an extensive 
cellular mastoid, filled with greenish purulent matter. Inspection of the laby- 
rinthine promontory revealed marked thickening. Middle ear contained thick, 
oedematous mucous membrane. Under usual postoperative care, cavity 
epidermized nicely and became dry. The marked dizziness and ringing in 
patient’s head, which felt heavy, was markedly relieved a week after the opera- 
tion. Gained 16 pounds since entrance but greatest amount of gain followed 
mastoid operation. Feels better and stronger, and pleased with control of 
aural discharge, head noises and dizziness. 


3: N. C., age 35, white, entered hospital March 18, 1932 with far-advanced, 
active, bilateral, pulmonary tuberculosis, dating back one year. Right puru- 
lent discharging ear, with painless onset, of 9 months’ duration. Hearing and 
discharge had rapidly grown worse during last 5 months. Examination re- 
vealed thick, yellow, creamy, pultaceous discharge. Middle ear filled with 
translucent, bluish, swollen mucous membrane. Smears positive for tubercle 
bacilli. Functional tests showed marked decrease in hearing with nerve deaf- 
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ness. Local radical mastoid operation performed on May 11, 1932. The 
mastoid, which was cellular and extensive, was filled with a glue-like, gelati- 
nous, semiopaque secretion. The mucoperiosteum showed dark blue discolora- 
tion. Middle ear filled with grumous material and there was thickening of 
external labyrinthine capsule. The ear healed well with complete epidermiza- 
tion. The patient’s health improved following the operation. 


4: J. F., age 24, white, entered hospital December 4, 1931, with far-advanced, 
bilateral, active pulmonary tuberculosis, with cavitation, which began April, 
1930. Right ear discharged, on and off, for the past 5 or 6 years; left since age 
of 14. Examination revealed dry right ear with scarred drum. Left, pro- 
fusely suppurating, showed large, peripheral perforation through which middle- 
ear mucous membrane appeared swollen and pale. Smears revealed tubercle 


bacilli. Hearing reduced to about 50 per cent, with evidence of middle-ear. 


and nerve deafness. Local left radical mastoid operation performed March 
30, 1932. By May 18, 1932, mastoid cavity was perfectly epidermized and dry. 
Patient gained 13 pounds in 23 months following operation, with great improve- 
ment of general health. 


5: F. A., age 40, white, entered hospital July 19, 1929, with far-advanced, 
bilateral, active pulmonary tuberculosis. Weight 103 pounds. Left ear began 
to discharge 2 years before April 18, 1931, when I first examined patient. On- 
set painless. Discharge profuse, thick, gelatinous and at times mixed with 
blood. Absolute deafness resulted 6 months after onset. Of late, head pains 
around left mastoid, temporal and occiput regions. Pain elicited on tapping 
this area. Secretion formed a thick gelatinous film at drum. Smears positive 
for tubercle bacilli. Functional tests revealed total deafness in suppurating 
ear. Labyrinthine function gone. Left radical mastoid performed on May 
7, 1931, under local anaesthesia. Mastoid cells completely broken down. 
Foul-smelling, tuberculous, flabby, pale granulations filled entire mastoid 
structure and middle ear. Dura of middle fossa was exposed for 3 inches by 
disease and covered with these granulations. Lateral sinus and cerebellum 
likewise exposed. Under usual postoperative care mastoid healed, and by 
July 22, 1931, was well epidermized and practically dry. After November 12, 
1931, remained dry. All pain disappeared following operation. Patient has 
gained 14 pounds since operation, with marked general improvement in health 
and lung condition. 


6: C. T., age 28, white, entered hospital April 17, 1932, with bilateral, ad- 
vanced, active pulmonary tuberculosis, dating back to February, 1931. Left 
ear began to discharge, January, 1931, with some slight pain on first day of 
onset. Hearing decreased rapidly. Examination disclosed profuse, purulent, 
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creamy-yellow discharge, filling entire canal. Smears revealed acid-fast, club- 
shaped, spiral bacilli, not definitely recognized as tubercle bacilli, although 
clinically there was little doubt that the ear was tuberculous, and probably 
superadded to a pyogenic infection. Hearing reduced to whisper, while laby- 
rinthine tests proved normal. Local radical mastoid operation performed 
June 22, 1932. Contrary to X-ray report, mastoid was cellular. There was 
no breaking down of bone, but cells contained gelatinous, translucent secretion. 
Lining mucoperiosteum bluish. Under regular postoperative care the wound 
healed nicely with normal epidermization. Patient gained in weight, with 
general health rapidly improved. 


I have operated on similar cases since these reports with similar excel- 
lent results. The outstanding feature of these studies is the great amount 
of destruction within the mastoid without the association of pain, and 
the great decrease in hearing, which is out of proportion to the length 
of time of the suppuration. Except for a discharging ear which begins 
painlessly and the rapid decrease of hearing, the physician and patient 
are unaware of the great tuberculous destruction that exists. For this 
reason our interest in the tuberculosis patient has taken little or no con- 
sideration of his discharging ear, unaware, therefore, of its grave impor- 
tance to the health of the patient. 

In concluding this introductory paper on the value of the radical 
mastoid operation in tuberculosis of the middle ear and mastoid in 
pulmonary cases may I appeal to your consideration of this procedure 
in these cases? Its judicious application, based upon a knowledge of its 
pathology, will award you grateful and healthier patients. The removal 
of a large toxic focus allows an increase in body resistance to fight the 
pulmonary focus, instead of depleting it further. Both foci may kill 
the patient. Just because we call it a radical mastoid operation does 
not mean that it is a radical procedure. The term is used in contrast 
to the simple mastoid operation which is done in acute pyogenic cases. 
There is nothing radical in the so-called radical operation. There is no 
shock to the procedure and a skilled operator can perform the operation 
in a relatively short time. The results are good. 


ANTITUBERCULOSIS MILLINERY! 
STEPHEN J. MAHER 


The famous advice of an over-solicitous mother to her adventurous 
son, ‘‘John, never go near the water until you have learned how to swim,” 
seems to contain the philosophy of the advocates of many of the 
schemes for the after-care of the tuberculous. They would tell the 
graduates of our sanatoria, “John and Mary, you mustn’t return to the 
conditions of ordinary human existence until you have unlearned the 
institutional habits that you have formed during the months or years 
that you have just spent getting cured in sanatoria. To prepare you 
for the exigencies of ordinary living, you must go now to some tuber- 
culosis settlement or colony or tuberculosis village, where you will follow a 
fixed program of rest, and work, and meals and entertainment and where 
you can live with your family, and perhaps be able to pay for rent and 
meals, out of your earnings in the government-owned factories or mills 
connected with the settlements or villages.” 

If the frightened mother referred to in the first paragraph had told her 
son, ‘John in order to learn to swim in the sea, you must get familiar 
with water, and for the next month or two you must spend several hours 
a day in the bath-tub,”’ her advice would be just as sensible as most of 
the proposed schemes for the “after-treatment of the tuberculous.” 

One objection to all this talk about the after-care of the tuberculous 
is that it is illogical and based on the false premise that, like the soldier 
who lost a leg or an arm in the war, the ordinary arrested or cured case of 
pulmonary tuberculosis is not able because of his physical ccndition to 
engage in a gainful occupation in our work-a-day world, but needs to 
be coddled and trained for long periods in some intermediate institution 
before he may be allowed to resume his old ideas about the importance 
of time, and money, and achievement. 

‘It is true that graduates of sanatoria often fail to secure employment 
after their return to their homes; but this is due to the fact that their 


?An address at the Eighth Conference of the International Union Against Tubercu- 
losis, Amsterdam, Holland, September 9, 1932. The subject assigned for the discussion 
was The After-Care of the Tuberculous. 
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former employers and fellow-workmen are still in a state of unreasoning 
panic about the supposed contagiousness of adult tuberculosis to other 
adults. This state of panic is of course due to the lurid propaganda on 
the contagiousness of tuberculosis fathered by you and by me, twenty- 
five years ago, but now known to all of us to be in good part untrue. 
To remedy this deplorable condition of panic we must in the first place 
show the public that in modern civilization adult tuberculosis is seldom 
conveyed to other adults, that the cured consumptive is probably the 
least dangerous member of his community, and that the sanatorium 
where he has been spending the past year is a safer place to visit than 
any church or theatre, or school, or bus, or train or tram. When we have 
convinced the public of these facts, our sanatorium graduates will have 
no further trouble in securing suitable employment on their return to 
their homes. In justice to our patients, and to the cause of the truth, 
we should institute as soon as possible a campaign of propaganda that 
will spread a knowledge of these facts to every nook and corner of the 
earth. 

A few weeks ago, I received a letter from a young woman, who six years 
before had been cured at a large tuberculosis sanatorium in New York 
State. During all these six years she has been in perfect health. On 
account of her evident ability, and her testimonials, she had been quickly 
engaged by many corporations, but she was as promptly released by all 
of them, when their officers learned that she at one time had spent two 
years in a tuberculosis sanatorium. She appealed to me to do something 
to remove the absurdity and injustice of such a state of affairs. To have 
given her a postgraduate course of treatment in a tuberculosis village or 
colony or settlement would not have helped her to secure a position in 
which she could earn her bread and butter. On the contrary such a post- 
graduate course would have deepened the stigma caused by the 
sanatorium. 

A first objection to all these elaborate schemes for the after-care of the 
graduates of the tuberculosis sanatoria is that the cost, the initial cost 
plus the cost of maintenance of tuberculosis villages or colonies, is too 
great. On this matter of cost, we must revise some of our recent work- 
ing hypotheses. Heretofore, when we have devised a new plan of cam- 
paign for our antituberculosis warfare, we had only to confide our ideas 
to the public, and the funds necessary for the financing of the new plan 
were immediately supplied from the treasuries of our various states 
and countries, or from the bank-accounts of our more prosperous citizens. 
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To-day the money-bags of all governments and of practically all people 
are about empty. The only hope for the survival of all governments 
and of most people depends on their ability to limit all expenditures to 
the absolutely necessary. Now if we approach the harassed treasurers 
and legislatures of the world with a demand for more monies in order 
to supply our cured cases of tuberculosis with postgraduate sanatorium 
treatment in newly planned and constructed tuberculosis colonies and 
villages, not only will our requests be denied, but our whole antitubercu- 
losis campaign will be subjected to hostile investigation; we will be held 
up to public execration as faddists who have no care for the other and 
real needs of the community; we will be told that we must cure our pa- 
tients in our costly sanatoria, and not discharge our patients until they 
are cured, and able to resume their former places in society. If we were 
to ask our hard-pressed governments or the few rich men and women left 
on earth for a little money to permit us to follow up some promising line 
of research or to make available to all our patients the wonderful results 
obtainable by modern lung surgery, we will be listened to, and probably 
provided with a portion of the sums requested, but, for postgraduate 
instruction of our cured or arrested cases, we will receive and we ought to 
receive neither dollars nor shillings nor francs, nor marks, nor gulden. 

And the whole world will cry out to us, “Yes, our last dollar we will 
share with you to enable you to search night and day for a specific cure 
for tuberculosis, or to help you develop the new great surgical weapon 
against tuberculosis, but don’t ask us for money for any such antituber- 
culosis millinery as settlements or villages. Cure your patients in your 
sanatoria. Do not discharge convalescent patients until they are cleared 
of tubercle bacilli and until they have recovered strength sufficient to 
enable them to work at least half-time at their ordinary occupation. 
Then you will need no postgraduate schools or factories or villages for 
case-hardening the human products of your sanatoria. No village or 
settlement can train or teach patients so efficiently or so cheaply as can 
the sanatorium. Occupational therapy can be administered to suitable 
patients at a sanatorium with greater success and discretion than at a 
tuberculosis colony or village.” 

In my experience the chief hindrance to the sanatorium graduate’s 
securing employment is not his own weakness, but the phthisiophobia 
of his friends and employers. You and I sowed the seed of this plague of 
phthisiophobia many years ago. It behooves us therefore to start an 
educational campaign that will undo all the harm caused by our excited 
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imaginings of twenty or more years ago. Teaching the public the truth 
about the unlikelihood of adults infecting other adults with tuberculosis 
will do more to smooth the paths for the graduates of tuberculosis sana- 
toria, and to provide suitable employment for these graduates, than the 
erection of the thousands of tuberculosis villages that would be needed if 
we were to take seriously the arguments of their enthusiastic proponents. 


A CRITIQUE OF ATELECTASIS IN PULMONARY 
TUBERCULOSIS! 


G. E. EHRENSURG 


In looking over the literature concerning pulmonary atelectasis, a 
condition first mentioned about ninety years ago and discussed very 
intelligently by Pasteur eighteen years ago, one could not fail to notice 
the change in interpretation of the aetiology of this very interesting 
disease, especially by later authors. 

Pasteur of London defined massive collapse of the lung as total and 
sudden deflation of a large area of lung parenchyma, due to failure of 
inspiratory power, but in the absence of any signs of obstruction or com- 
pression of the air-passages (1), a condition quite analogous to congenital 
atelectasis. 

At the present time, since cases of atelectasis undoubtedly caused by 
obstruction or compression of a bronchus are reported, many authors 
describe atelectasis as a condition largely due to obstruction or com- 
pression of the air-passages, with consequent absorption of air from the 
alveoli. 

In the discussion to follow it will be my endeavor to prove that Pas- 
teur’s definition gives a better understanding of this complication and 
covers most of the cases. 

During a severe epidemic of diphtheria in London, Pasteur observed 
34 cases of atelectasis due to paralysis of the diaphragm and other 
respiratory muscles (lower intercostals) (2). 

Since the introduction of antitoxin in the treatment of diphtheria such 
cases are no longer observed, but in the course of other infectious diseases 
(septicaemia) this complication is occasionally encountered (3). The 
cause is apparently the same as in diphtheria, that is, paralysis of the 
diaphragm and the lower respiratory muscles. 

After fully discussing the influence of different anaesthetics, Pasteur 
concluded that very little importance ought to be attached to the kind 
of anaesthetic used (4). 


1 From the Sanatorium of the Jewish Consumptive Relief Society, Spivak, Colorado. 
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Cases of atelectasis have been reported after operations on the thy- 
roid; also after various injuries, such as a fall from a horse or a bicycle, 
gunshot wound of the chest, and severe injury of the pelvis. All such 
cases may be easily explained by reflex inhibition of diaphragmatic move- 
ment. Apparently many cases of painful injury, in which shock may 
be expected, respond with atelectasis that is not always detected. 

The sudden onset, the rapid recovery, and the frequent occurrence of 
atelectasis in nervous people, are suggestive of vasomotor disturbance. 

Since the bronchial tree is supplied with a muscular coat reaching as 
far as the air-sacs, spasm of these muscles may be responsible alike for 
atelectatic and for asthmatic conditions, especially in allergic patients. 

Lilienthal, while operating on the lungs (especially on the lower lobes), 
observed small atelectatic spots plainly marked out; they occurred in 
15 or 20 different places on the surfaces of the lungs and resembled cica- 
trices. He also noticed that the lungs could be gradually distended and 
the atelectatic spots restored to normal size and color by increasing the 
intrapharyngeal pressure. 

This author refers to his experience during the war, when this kind of 
patchy atelectasis was interpreted as traumatic; now he believes that it 
is due to a spastic condition. 

The same author, while removing a very large fibroma attached to the 
upper posterior part of the thorax, noticed sudden collapse of the upper 
lobe. The patient died within forty-eight hours. No bronchial obstruc- 
tion was found on postmortem examination. The collapse occurred in 
a few seconds (5). 

A similar case is reported by Bergamini in a man on whom a laparot- 
omy was performed; death occurred as the last suture was being tied. 
At postmortem examination massive collapse of both lungs was found 
without any obstruction of the bronchi. The lungs (except the upper 
parts) were completely atelectatic. The diaphragm was quite high (6). 
The development of atelectasis in a few seconds can only be explained as 
due to excessive spasm of the bronchial muscles. 

Jacobaeus reports 4 cases of atelectasis following injection of lipiodol 
into the bronchi. Even a very small amount of lipiodol produced exten- 
sive atelectasis in ten to fifteen minutes. He believes that the apneuma- 
tosis in these cases was due to spasmodic contraction of the bronchial 
muscles (7). 

Scott collected 40 cases of postoperative atelectasis. Five of them 
showed definite manifestations of allergy before operation; three pa- 
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tients had asthma, one urticaria, and one acute oedema of the glottis 
of the angioneurotic type (after operation) (8). 

Clarke, in his discussion of pulmonary atelectasis in bronchial asthma, 
says that this complication occurs in two forms,—microscopic and macro- 
scopic. He cites various cases of bronchial asthma complicated by 
atelectasis. In one case the condition was diagnosed by routine roentgen 
examination and in another at autopsy. 

In the fulminating type of atelectasis in bronchial asthma, the onset is 
sudden, with extreme dyspnoea and a sense of oppression; death may 
follow in a short time. Neither X-ray nor postmortem examination 
reveals the cause of death. 

Symptoms of fulminating atelectasis are apparently manifestations 
of an allergic reaction to the bronchial secretion, which is captured in the 
atelectatic area and absorbed along with the air. This is similar to the 
reaction provoking attacks of bronchial asthma. 

Clarke believes that in the course of asthma small areas of atelectasis 
give rise to severe paroxysms of dyspnoea, which may occur quite often. 
The same author refers to sudden death in an asthmatic patient with 
good circulation, which accident could be explained only as atelectasis 
due to allergic reaction, resulting in complete occlusion of the bronchi (9). 

Brown observed complete occlusion of a main bronchus by an oedema- 
tous swelling which was suggestive of a process akin to angioneurotic 
oedema of the tissues (10). 

Cases of atelectasis in lesions of the central nervous system, with 
apparently consequent damage to the innervation of the respiratory 
muscles, are reported in the literature. Briscoe performed 4 postmortem 
examinations on cases of complete lesion of the spinal cord in the upper 
dorsal region, and in each instance he found complete atelectasis of both 
upper lobes (11). Cases of atelectasis in the course of poliomyelitis are 
of the same origin. 

Mechanical obstruction of a bronchus as a cause of pulmonary atelec- 
tasis is quite frequently observed and has been reported by many authors. 

Very interesting is the case of Ashbury, in which atelectasis of the left 
lung occurred three times during one year. The cause was a fibroma 
within the left main bronchus. The tumor was removed bronchoscopi- 
cally (12). 

Bronchostenosis caused by bronchoadenitis may be responsible for 
atelectasis. Such a case is reported by Trapesonzew in a child of eight 
years who developed a right atelectasis; the trachea was deviated to the 


| 
\ 
a 


460 G. E. EHRENBURG 


right and was seen as a curved line. The X-ray film showed at the end 
of the trachea a calcified spot (lymph node) which compressed the right 
bronchus (13). 

Foreign bodies, aspirated or swallowed, may cause obstruction of the 
main bronchus followed by atelectasis. Such obstructions, if manifested 
by X-ray or bronchoscopic examination, are very demonstrable and easily 
comprehended as a cause of atelectasis. But this idea of the origin of 
atelectasis, if generalized, may be very misleading and a source of many 
mistakes. 

As a matter of fact, in the latest literature some writers report many 
cases of atelectasis following operations or in the course of tuberculosis; 
they explain this complication as due to occlusion of a bronchus or a 
bronchiolus by lung secretions (mucus, inflammatory tissues or caseous 
masses). 

These writers believe that the tuberculous person has much secretion 
in his air-passages and poor drainage of his lung; therefore pieces of spu- 
tum may be aspirated, while he coughs, from the main bronchus, and 
even from the trachea down to the small bronchi of the same or of the 
contralateral side, producing there complete bronchial obstruction and 
consequently an atelectasis. 

However, experimental work on animals has shown that only with 
great difficulty can a bronchus be clogged, since nature has provided the 
respiratory tract with very efficient protective devices. 

Van Allen cauterized a bronchus of a dog through a bronchoscope, 
completely destroying it for a length of about 1 cm. In the burned 
region the bronchus was interrupted by a solid sequestrum of necrotic 
tissue; yet no atelectasis occurred. He also injected gum-acacia mucilage 
into the bronchus of a dog under anaesthesia, but failed to produce atelec- 
tasis in 3 experimental dogs thus treated (14). 

After looking over all his reports one realizes how well the respiratory 
organ is protected from atelectasis. 

Employing a synthetic substance, Lee and his associates also had much 
difficulty in the production of atelectasis; and they succeeded only after 
entirely abolishing the coughing reflex in the experimental animals (15). 

Evidently obstruction of a bronchus by secretions takes place very 
rarely. Should it happen, the plug would be expelled sooner or later, due 
to the perfect protective devices of the respiratory tract. 

Persistent cough, which is a powerful reflex to irritation of the bron- 
chial wall, is very effective in expelling secretion; which may move up 
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and down, but sooner or later it will be expelled. Patients often under- 
stand how to make the cough more effective by pressing on the throat 
or at some point on the chest during a coughing attack, in order to pro- 
duce greater pressure below the obstruction. 

The dilatation and contraction of the muscles and elastic tissues of the 
bronchi are of great aid in dislodging and eliminating obstructive material. 
Very instructive are the experiments of Bullowa and Gottlieb. They 
injected radiodpaque substances into the bronchi of dogs and watched 
the lungs empty themselves by an accordion or bellows-like action of the 
trachea and the bronchi, and also by the aid of a peristaltic wave of the 
bronchial muscles. It took from eight to thirteen minutes to expel the 
foreign bodies. ‘The peristaltic waves were distinctly visible on fluoro- 
scopic examination. These authors concluded from their experiments 
that the peristaltic action of the bronchial musculature was involved in 
the emptying of the lungs. 

Very interesting is the report of the same authors regarding the diffi- 
culties they encountered in plugging a bronchus. They inserted a piece 
of sheet-rubber containing barium and bent into a U-shape, or a plug of 
soft rubber, and pushed them deeper into the bronchi through a broncho- 
scope. All these plugs were easily expelled from the bronchus in less than 
half an hour (16). 

Of great significance is the eliminative action of the cilia of the mucosa 
of the bronchial tree, which extend down to the smallest bronchi. By 
means of bronchoscopy in patients under general anaesthesia, blood stains 
have been seen to travel from the carina to the larynx in a few minutes. 

The alveoli have neither muscles nor cilia. A drop of secretion may 
clog the passageway and cause a small or microscopic atelectasis. But 
each alveolus communicates with others through a small opening in the 
wall, the so-called porus. Because of difference in pressure, air from an 
open alveolus enters a clogged one. Pathologists have demonstrated 
that in unresolved pneumonias fibrin from one alveolus enters another 
through these fori. In such a way alveoli and whole lobules inter- 
communicate. 

It has been found that an obstructed portion of a lobe is capable of 
breathing by means of this communication with adjacent parts (15). 
Air, which enters from adjacent lobules into closed ones, is available in 
producing, during a coughing spell, higher pressure behind the plug, and 
thus may be instrumental in expelling the plug. This will explain the 
rapid reéxpansion of small atelectatic spots observed by some writers. 
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It is believed that all these protective factors very satisfactorily drain 
the lungs. Henderson is right in considering the lungs normally as the 
best drained organs in the entire body (17). This refers equally to 
tuberculous lungs. 

Not unlike other organs (for instance, kidneys, skin) nature has pro- 
vided the lungs with a margin of safety. For quiet breathing there are 
too many alveoli, and some of them remain collapsed (atelectatic), 
especially in sleep. Upon waking up, a person takes a deep breath or 
yawns. Quite often we advise a sick patient not to stay on his back too 
long. We want him to change his posture, in order to stimulate him to 
take a deep breath. At the base of the lung we sometimes hear atelec- 
tatic rales. When the patient takes a deep breath or coughs slightly 
these rales disappear, because of the reopening of the alveoli. 

If some alveoli are closed and atelectatic for a long time, other alveoli 
start to function extensively. Hence hyperfunction of parts of the lung 
occurs, and this develops regardless of the aetiology of the atelectasis. 

Hyperfunctioning of one lung is in most cases suggestive of a fibrotic 
tuberculous lesion of the other lung, with obstruction of many alveoli 
of the diseased parts. While in massive atelectasis the reéxpansion of 
the atelectatic parts occurs quite often, in fibroid tuberculosis it can never 
be expected. There the alveoli are closed up by development of fibrous 
(connective) tissue. Upon microscopic examination it may be demon- 
strated that by pressure of the collagenous fibres the alveoli are first 
compressed and appear as slits, and then gradually become obliterated. 

An entirely different pathological process occurs in atelectasis, namely, 
atrophy from inactivity of the lung parenchyma, followed in long-stand- 
ing cases by hyperplasia of the connective tissue (3). 

The compensatory emphysema or the hyperfunction is not to be con- 
sidered as a complication in fibroid tuberculosis. There is evidently less 
reason to consider atelectasis of a part of a lobe or of a whole lobe in 
fibroid tuberculosis as a complication. It develops slowly, it never 
reéxpands, it is never fulminating. This is very important in differential 
diagnosis, since the physical signs and X-ray picture are very similar to 
those in massive atelectasis. 

On the X-ray picture an atelectatic lung will appear smaller than its 
fellow. The diaphragm stands high, and is visualized as a smooth curved 
line. Paradoxical movement may be noted. The mediastinum and 
trachea are deviated to the affected side. The intercostal spaces are 
retracted. 
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If the left lung happens to be atelectatic, the heart is not only retracted 
to the left but is also rotated, and it appears to be located behind the 
anterior surface of the diaphragm, and in an oblique position. 

A scalloped or tented diaphragm, which shows peaks, is rather sug- 
gestive of a fibrotic lung. The same refers to an unevenly retracted 
mediastinum. 

An atelectatic lung shows a more or less dense shadow. The shadow 
may be so dense that the ribs are invisible. Some authors believe that 
this points to a condition in which the bronchi are filled with secretion 
(drowned lung), but this is not proved by the clinical course of such 
patients. 

Experience in collapse therapy shows that the degree of density is 
mostly dependent upon the degree of vascularization. The blood- 
pressure in the lesser circuit is quite low, —18, and ismaintained partly 
by the force of the respiratory excursions. 

At the same time we must bear in mind that the pulmonary arteries 
are endowed with elastic and smooth muscles, enabling them to undergo 
tremendous changes of capacity. 

Gradual collapse of a lung is followed by compression of the small 
blood-vessels and decrease of the amount of blood, which means that 
stasis is produced in the beginning. According to the very convincing 
experiments of Andrews a gradually collapsed lung continues for the first 
eight days to transmit 30 per cent of the calculated cardiac output. Since 
the collapsed lung gradually becomes fibrotic, its blood-supply diminishes. 
Thirty days later it transmits only 8 per cent. 

In atelectasis the sudden onset may be responsible for various degrees 
of stasis, which will be accompanied by corresponding degrees of density. 

The varieties of opacity may be better observed in the course of pneu- 
mothorax treatment, not only on the collapsed side but also on the con- 
tralateral one. The blood is shunted to the other side. Since the 
amount of blood in both lungs is constant, stasis and later anaemia 
develop on the affected side, with plethora on the contralateral side. 
Shadows appear and disappear, often accompanied by various reactions. 
This refers also to atelectasis. 

A very dense shadow over a lung may be due to extensive pleural 
effusion. A pneumonic process also casts a dense shadow which is due 
to engorgement of the vessels and to the exudate in the alveoli. This 
consolidated region produces pressure on the adjacent alveoli and may 
be responsible for a surrounding atelectasis. Then the affected lung may 
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appear smaller in size and atelectasis may be erroneously diagnosed. In 
such a case, in regard to the aetiology of the disease, one might consider 
that atelectasis occurred first, and was followed by bacterial invasion and 
development of pneumonia. 

A similar condition is observed in cancer of the lungs. Although car- 
cinoma is a productive disease, it may be paradoxically accompanied by 
a decrease in the size of the affected lung, due to pressure on the adjacent 
alveoli and their obliteration. 

The physical signs of massive atelectasis as reported by many authors 
are not characteristic enough to differentiate this complication from a 
fibrosed lung. 

Previous history, course, onset, and a series of X-ray films, if available, 
may be of great help in differential diagnosis. 

The following cases will demonstrate this more clearly: 


Case 1: Aged 38; onset in 1927; course slowly progressive; lesion with extensive 
excavation of the right upper lobe. Right pneumothorax tried unsuccessfully 
in July, 1929. In January, 1931, right phrenicoexairesis was performed, al- 
most the whole nerve being avulsed. Marked rise of the diaphragm followed, 
but no clinical improvement. 

Figure 1 shows a good rise of the right diaphragra, a large cavity of the right 
upper lobe, and mediastinum and trachea central. The diaphragm is regular, 
not deformed. 

Because of progression of the lesion an upper-stage thoracoplasty was per- 
formed on March 18, 1932, under spinal anaesthesia. Portions of the first 5 
ribs were removed. The patient tolerated the spinal anaesthesia very well. 
There was no nausea, no vomiting, and no distention of the bowels. He was 
able to take fluid on the second day and light food on the third day. Few 
narcotics were given. From the second day a febrile reaction to 102° persisted 
for three days. Otherwise the course was uneventful. Physical examination 
one week after the operation showed retraction of the interspaces, lagging, 
absent breathing, dulness, and decreased fremitus on the right. The X-ray 
film taken the next day (figure 2) showed that the cavity still stood out clearly, 
and was slightly decreased in size. A dense shadow was seen over the right 
lung. The diaphragm was very high, the mediastinum slightly retracted to 
the right. 

Massive atelectasis was diagnosed. The course continued to be unevent- 
ful, with slow reéxpansion of the lung. The X-ray film (figure 3), taken one 
month later, showed full reéxpansion of the right lung with the diaphragm con- 
siderably lower and the mediastinum replaced to the left. The dense shadow 
over the lung had disappeared and the lung structure was clearly seen. 


CSC 
+3 
4 
M 
; 


CRITIQUE OF ATELECTASIS 465 


Because of failure to collapse the upper lobe with the extensively fibrotic 
cavity, the patient’s condition continued to be active and progressive. Second- 
stage thoracoplasty was therefore performed on July 28, 1932. About 53 
inches of the 6th, 7th and 8th ribs was removed and 2 inches of the regenerated 
4th and 5th ribs. Despite uneventful recovery from this operation a massive 
atelectasis of the right lung developed, similar to that above described. 


In this case the X-ray pictures, the gradual reéxpansion of the lung, and 
the displacement of the mediastinum to the right and later to its normal 
position are strongly indicative of massive atelectasis. The occurrence 
on two occasions, the gradual development and reéxpansion, and absence 
of symptoms and distress point to some mechanical cause. As may be 
noticed on the postoperative film (figure 2), the right upper lobe stands 
considerably lower than the left one, a result noticed quite often after 
upper-stage operations. This may be responsible for pressure on the 
main bronchus; or it may be supposed that the main bronchus was kinked 
by the same dropping down of the upper lobe with its thick-walled cavity. 
Apparently the bronchus gradually reéxpanded later on and aeration of 
the lung was reéstablished. 

This sequence cannot be proved definitely but it is more probable than 
clogging of the bronchus by secretion. There is no evidence for the latter 
explanation. 


Case 2: A man, 39 years of age, with very active and very progressive lesion 
since 1929. Extensive bilateral involvement. His film (figure 4) shows an 
excavated right lung with hyperfunction. The left is contracted, fibrotic and 
excavated. 

The patient complained very often of annoying itching of his skin, accom- 
panied by urticaria. On February 9, 1932, he became very ill. His tempera- 
ture was high (102°). On one occasion he complained of sharp pain in his 
chest; he was gasping for air. This lasted for a few days. 

Physical examination a week later showed, on the left side, flatness through- 
out, very diminished to absent breathing and crepitation at the base, heart 
retracted to the left, cardiac impulse at the anterior axillary line. 

X-ray film (figure 5) shows a dense shadow over the left lung; heart retracted 
completely to the left. 

X-ray film (figure 6), taken three weeks later, shows the base of the left 
side clear; definite lung structure can be seen. The heart returned to its 
previous position (as in figure 4). 

The diagnosis of atelectasis of the left lung is justified in this case by disap- 
pearance of the density of the left base and by the return of the heart to its 
normal position. 
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Fic. 7 Fic. 8 Fic. 9 

Fic. 1. A large cavity of the right upper lobe. Mediastinum and trachea central. Dia- 
phragm regular, not deformed, high. 

Fic. 2. Taken eight days after thoracoplasty (upper stage). Dense shadow over the right 
lung. The cavity stands out clearly and is slightly decreased in size. Mediastinum slightly 
retracted to the right. Diaphragm very high; right lung very small. 

Fic. 3. Taken one month later; full reéxpansion of the right lung; the diaphragm consider- 
ably lower; the mediastinum replaced to the left; the dense shadow has disappeared; the lung 
structure is clearly seen; the right upper lobe stands lower than the left one. 
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Regarding the cause of the atelectasis in this case, it has to be taken into 
consideration that the patient was suffering from urticaria. This urti- 
caria could not be relieved by strict dietetic measures; it was evidently 
an allergic reaction to his bronchial secretion. Such an allergic reaction 
might occur during his relapse, and might be responsible for a spasm of 
the bronchial muscles with occlusion of a middle-sized bronchus (hence 
his pain and gasping for air). 

There is no means of proving this suggestion, but such cases are re- 
ported by other writers, and there is less mystery in such an explanation 
than in clogging of a bronchus by secretion in a person with severe cough. 


Case 3: A slender and poorly nourished woman of 39 years was admitted May 
10, 1929. Her temperature was 100°; she complained of sharp pain in her 
right chest. Her cough was excessive; expectoration 4 ounces in 24 hours. 
Physical examination revealed on the right side diminished to absent breath- 
ing over the lower two-thirds; amphoric breathing, and whispered voice in- 
creased over the upper third. Left lung essentially negative. Sputum 
negative. 

An X-ray film, taken on admission (figure 7), showed right hemithorax con- 
tracted, mediastinum retracted to the right, and dense shadow over the entire 
right lung with some transparency over the upper third. 

On the basis of the X-ray and physical examination a tentative diagnosis of 
massive collapse in the course of pulmonary tuberculosis was made by a very 
experienced chest man, under whose care she had been previous to admission. 

She was sick for fourteen years. On sanatorium regimen and rest she im- 
proved and became symptom-free for three years. In 1925 she developed 
bronchopneumonia of the right base and entered the sanatorium. She re- 
mained there four and a half months (the sputum was negative) and improved. 

Her X-ray film at that time (figure 8) showed, from the third right interspace 
down to the fifth interspace, small nodular infiltrations not very well defined; 


Fic. 4. Right lung excavated and shows hyperfunction; left lung contracted and fibrotic; 
over the lower two-thirds the lung structure is clearly seen. 

Fic. 5. Dense shadow over the left lung. Heart retracted completely to the left. 

Fic. 6. Dense shadow over the left lung has disappeared. Heart has returned to its pre- 
vious position (as in fig. 4). 

Fic. 7. Right hemithorax retracted; mediastinal structures retracted to the right. Dense 
shadow over the entire right lung. 

Fic. 8. Taken five years previously. From the third right interspace down to the fifth 
interspace small nodular infiltrations, not very well defined; trunci toward the base thickened 
and heavy; dense shadow over the base; right diaphragm slightly retracted and deformed. 

Fic. 9. Dense shadow over the entire right lung; the heart replaced back in its normal 
position. 
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trunci toward the base quite thickened and heavy; a dense shadow over the 
base; heart retracted to the right; right diaphragm slightly retracted and de- 
formed. 

The interpretation of this picture was tuberculous involvement of the right 
lung with good tendency to fibrosis. 

The patient stayed home, doing housework, and felt well with the exception 
of a few slight relapses. Therefore we may assume that the process of fibrosis 
with walling-up of the diseased foci was going on, resulting in retraction of the 
heart and trachea. 

But a fibrotic lung does not mean a healed lung. There still remains some 
lung tissue in which a spread of the lesion may take place. 

Since in our case nothing happened which could be responsible for the devel- 
opment of atelectasis, the diagnosis of a spread of the lesion in the fibrotic lung 
was justifiable. This diagnosis was proved by the clinical course. 

Two months after admission the patient’s temperature rose to 102°-103°. 
Cough and expectoration increased considerably. Phrenicoexairesis was 
deemed advisable, since the lesion was principally basal. After the right 
phrenic nerve was avulsed temporary improvement was noted, but this re- 
mission was very soon followed by a very progressive course. The patient 
developed a pleural effusion on the right side with replacement of the heart to 
the left. 

An X-ray film taken at this time (figure 9) showed a homogeneous dense 
shadow over the entire right lung, the shadow being of the same density as the 
heart shadow. The heart was replaced back in its normal position. 

Such a density was apparently due to extensive pleural effusion with inflam- 
matory reaction of the pleura. The accumulation of fluid was responsible for 
replacement of the heart. The sputum became positive for tubercle bacilli. 
Chest-fluid was also positive for tubercle bacilli and negative for other micro- 
organisms. Subsequently the patient developed a bronchial fistula, as evi- 
denced by subcutaneous emphysema. She died, but postmortem examina- 
tion was not obtained. 


The history and course of this patient are undoubtedly characteristic of 
tuberculous involvement of the right lung, with a few reactivations and 
spreading of the lesion at the base. For a long time she ran a favorable 
course, developing extensive fibrosis with retraction of the heart to the 
right. 

When the last reactivation happened it was also basal and subpleural, 
as manifested by severe pain at that time. Subsequently the lesion 
reached the pleura, resulting in a pleural effusion. The sputum became 
positive. A bronchial fistula followed. 
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There was nothing suggestive of massive collapse in either the onset or 
the course. 

The massive obstruction of the alveoli was due to fibrosis, and there- 
fore the alveoli could never reopen. 

Discussion, cases of other authors, and three typical cases of our own, 
demonstrate that atelectasis cannot be always explained as due to obstruc- 
tion of a bronchus by secretion, but is caused by many other factors, 
such as allergic reactions, bronchial spasm, and vasomotor disturbance. 
A fibrotic lung with permanently obliterated alveoli is not an atelectatic 
lung. 
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THE DEVELOPMENT OF THE PULMONARY SILICOTIC 
NODULE IN THE EXPERIMENTAL 
ANIMAL’? 


WILLIS S. LEMON anp GEORGE M. HIGGINS 


In the last few years we have studied the reactions of serous membranes 
to widely different irritants. We have placed colloidal and particulate 
preparations in the peritoneal and pleural spaces and we have introduced 
them directly into the lung by means of tracheal cannulas. In all of 
our observations we have been convinced that, regardless of the mate- 
rials employed, the nature of the cellular reactions were, in the main, 
common to all. The protective mechanism consisted of an exudative 
type of inflammation, phagocytosis and elimination of particles, and, 
finally, of proliferation and exclusion by fibrotic investment. Impounded 
materials were those which caused permanent changes resulting in lesions 
situated where tissue rich in lymphatic structures is known to exist. 


THE SPECIFICITY OF SILICA IN PRODUCTION OF NODULES 


In 1915, Collis showed that, in industry, no dust other than silica 
produced serious injury. It constituted the major hazard of the dusty 
trades. Clinical experience agrees that the material which causes the 
dust-phthisis of miners is dust of free silica, SiO2, and Riddell expressed 
the belief that fibrosis of the lung and the disease silicosis are brought 
about “‘by any given dust so far only as this dust contains silica.””’ Mav- 
rogordato had defined the qualities that make silica unique in its be- 
havior and has explained its harmful reactions. He wrote, 


For dust to be phthisis-producing, it must possess certain qualities some of 
which may be enumerated as follows: 

It must be capable of overcoming the lungs’ physiological ability to rid itself 
of dust and of getting itself arrested and of getting itself so arrested for a 
considerable time. As dust particles do not multiple of themselves, it must be 
relatively indestructible by tissues and tissue juices. Since the initial means 


1 From the Mayo Foundation, Rochester, Minnesota. 
2 Read at the twenty-ninth annual meeting of the National Tuberculosis Association, 
Toronto, Ontario, June 29, 1933. 
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of arrest is by phagocytosis, it must be of a size to lend itself to this process; 
that is to say, it must be about the size of the common pathogenic microér- 
ganisms. It must be too inert to bring about the ready destruction of the cells 
that take it up, and too inert to provoke a free production of any considerable 
exudation. 

Dusts that when inhaled provoke a moist condition of the lungs associated 
with expectoration are not readily retained for long by normal lungs. 

Dusts that lend themselves to arrest and the production of a dust phthisis 
do not readily destroy the cells that take them up and the laden cells tend to 
aggravate into what Koch called ‘“‘pseudo-tubercles.” 


We have introduced into the bronchi of rabbits such preparations as 
graphite, iron, silver, and copper, and have found that they did not 
possess the qualities defined by Mavrogordato and that they did not 
produce the pulmonary pseudotubercle characteristic of silicosis. In 
this paper the reaction of silica only will be described. 


THE METHOD 


A suspension of silica was ground to such fineness that the majority 
of the particles had a diameter less than that of an erythrocyte. By 
measurement the particles varied from 1 to 15y in diameter, although 
by far the greatest number of them were less than 104. A suspension 
was made of 6 mgm. of silica to each 1 cc. of normal saline solution. By 
means of a tracheal cannula, 3 cc. of this suspension of silica was intro- 
duced directly into the lung and thus distributed by gravity throughout 
the bronchial tree. Using amytal for anaesthesia, 100 rabbits were given 
injections in this way, of which seventy-five survived, and in their lungs 
appeared the characteristic lesions which form the pathological material 
covered in this report. 

If an animal were not properly anaesthetized, it could rid its lungs of 
silica within a few hours. Thus, it was necessary to have the animal 
under the influence of the anaesthetic until the silica had become intra- 
cellular and well distributed along the bronchial tree, in the finer ana- 
tomical divisions of the pulmonary parenchyma. » 

The advantage of giving the irritant in this fashion has been considered 
in a former paper. The disadvantages of the method consisted in the 
severity of the inflammation induced, which contributed to the ease of 
evacuation of silica through the bronchial secretions. The dosage was 
sufficiently great, however, that the mechanism of defense became inade- 
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quate, and in most cases sufficient silica remained in the lung to produce 
characteristic pulmonary changes. 

The duration of the experiments ranged from four hours to six months. 
The animals were all in good health when killed. Observations were 
made on the gross appearance of the lungs and on sections stained with 
haematoxylin and eosin, van Gieson’s, Mallory’s, Mallory and Heiden- 
hain’s, and the specific reticulum staining technique of Bielchowski and 
of Pap, in which fibres are impregnated with silver. Particles of silica 
in the sections were also detected by use of the polarizing microscope, 
and in the tissue by qualitative and quantitative chemical examination. 
The later work was done by Osterberg who used the method of King. 
Sheard examined the tissue spectroscopically, for the characteristic band 
of silicon. Any possibility of confusion of nodules with those produced 
by tuberculosis was excluded by staining methods. 


RESULTS OF EXPERIMENTS OF FROM FOUR HOURS’ TO ONE 
WEEK’S DURATION 


Sixteen animals were used for study of the reaction which occurred 
during the first week. Pathological processes were well under way, and 
the various reactions leading to the formation of silicotic nodules were 
best traced during this period. 

The lungs of animals killed four hours after having received 3 cc. of 
a suspension of silica usually were pink, filled with air, floated in water, 
and showed no external evidence of consolidation. When they were 
sectioned, particles of silica could be seen within the bronchi, and the 
finer divisions appeared as minute white areas. Consolidation occurred 
in the lung, most massive where the bronchi were largest and smaller and 
more discrete in areas furthest removed from the hilum. 

In sections including the main bronchus, microscopic study disclosed 
massive consolidation. The exudate in the bronchi consisted of granular 
material, erythrocytes, polymorphonuclear cells and mononuclear cells. 
The alveoli and finer bronchial divisions of the surrounding parenchyma 
were collapsed and packed with so-called “dust cells,” better known as 
histiocytes or alveolar phagocytes. Desquamation from the alveolar 
walls was seen in progressive stages. The first response of the lung 
to injection was collapse due to filling of the bronchi; and the first 
tissue reactions consisted of exudation of serum and blood cells from the 
congested capillaries, phagocytosis of particles of silica, and desquama- 
tion and migration of phagocytic cells. 
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Elimination through the air-passages and by way of the lymphatic 
system was already in progress. Subpleural deposits of crystals proved 
the continuity of the superficial with the deep lymphatic vessels, and 
deposits in the regional lymph nodes at the hilum proved the efficiency 
of the deep lymphatic route of elimination. That animals which coughed 
were free of silica was evidence of the efficiency of ciliary action and of 
elimination through the bronchial system. Phagocytosis occurred in the 
lining cells of the alveoli and alveolar ducts, and in the histiocytes native 
to the alveolar walls. Migration occurred, but the phagocytic cells 
were finally picked up by lymphatic vessels and transferred to the 
periphery of bronchi where lymphatic structures are abundant. 

Within four hours, then, the silica had reached situations where silicotic 
lesions in man develop. In our experiments of longer duration, these 
were the situations where metamorphosis from a diffuse inflammatory 
reaction to organization into the typical pulmonary silicotic nodule 
could best be traced. 

After eight hours, the acute inflammatory reaction still persisted. 
The exudate within the bronchi was made up almost entirely of erythro- 
cytes and polymorphonuclear leucocytes. The submucosa of the larger 
bronchi contained polymorphonuclear cells, and they were the predomi- 
nating cells in the peribronchial tissue. The polymorphonuclear cells 
had invaded the alveolar walls and had packed the alveolar spaces. 
When graphite was used as an indicator, these cells were seen to be 
phagocytic. Phagocytosis of silica by polymorphonuclear cells was a 
rare occurrence. Silica was seen by polarized light within the phago- 
cytic mononuclear cells. 

There were no significant changes before thirty-six hours had passed. 
In some animals, the extent of the inflammatory reactions varied, but 
there was little variation in their nature. At the conclusion of this 
period, the first evidence of disappearance of the polymorphonuclear 
cell and of predominance of the mononuclear cell was observed: the 
former were degenerated and their nuclei were becoming fragmented; the 
latter were stimulated and their hyperplasia was shown by the appearance 
of mitosis. 

The first structure that could be identified as a young silicotic nodule 
appeared within forty-eight hours. The central portion of this spherical 
body was composed of the remnants of the alveolar walls, the correspond- 
ing lumina of which were packed with débris, erythrocytes, polymorpho- 
nuclear leucocytes and mononuclear cells. The peripheral zones were 
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of similar construction, and the alveolar walls could be distinguished by 
their flattened capillaries and the alveoli by spherical grouping of mono- 
nuclear cells filling them. The third zone of this early nodule was com- 
posed of closely packed mononuclear cells which blotted out all normal 
histological constituents. Three signiucant features, then, characterize 
this nodule: (1) its peribronchial situation; (2) its central zone of exudate; 
and (3) the outer concentric ring of histiocytes, of which the mesial cells 
were round with spherical nuclei, but the peripheral cells were oval with 
oval nuclei. 

In two days, therefore, the first evidence of nodular development had 
occurred. We were uncertain at first whether the nodule represented a 
miliary abscess, although its mononuclear construction made this inter- 
pretation unlikely. There was no unusual predominance of mononuclear 
cells in the blood of arteries and veins or in either the total or the differen- 
tial leucocyte count taken just before the death of the animal. We 
judged, therefore, that the change in these lesions from a predominant 
polymorphonuclear reaction to a predominant mononuclear one had 
been effected by an increasing number of histiocytes developed from the 
tissues rather than by monocytes derived from the blood-stream. 

An animal killed four days following intrabronchial injection of silica 
gave the first gross, positive evidence of silicotic nodules. Well-defined, 
creamy-white nodules were seen and palpated in the lower lobe of the 
right lung. The nodules were adjacent to all divisions of the right lower 
bronchus. This cone of nodules had its base at the hilum and its apex 
at the pleural surface, where grayish-white, miliary nodules were seen 
and palpated as they projected above the pleural surface. The affected 
part was firm to touch, heavier than water, and resisted cutting. It was 
made up of many discrete nodules of varying size; the largest at the hilum 
was conglomerate, and the smallest, at the periphery, was of the miliary 
type. The situation and physical characteristics of the lesion were 
determined by the anatomical distribution of lymphatic structures within 
the lung and pleura. The lesions resulted from the reaction of the pul- 
monary tissue to the silica that could not be removed, but that remained 
in tissue where lymphatic structures are normally placed. 

Microscopically, the miliary nodule was made up of histiocytes con- 
taining silica. The central cells were arranged in a whorl, and the periph- 
eral cells were in concentric rings. The most peripheral cells were elon- 
gated, oval, and had oval nuclei. ‘The nodules were avascular, and all 
the particles of silica were contained within phagocytic cells. A con- 
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siderable number of cells at the periphery of the nodule were eosinophilic 
leucocytes, but their derivation could not be definitely determined. A 
few resembled the eosinophiles of the blood-stream but the majority 
more nearly resembled the histiocytes among which they were found. 

At the close of the first week, other observations were made. Fibro- 
blasts had formed around the nodule, and the mononuclear cells were 
variously altered in shape, suggesting in many instances that they were 
undergoing transformation into fibroblasts. The shape of the cells 
changed from round to oval, their nuclei became elongated, and the 
cytoplasm formed attenuated extensions. Fibres of collagen could be 
identified by appropriate staining methods as an encircling layer about 
the nodule. The collagenous fibres of the adjacent blood-vessels and 
of the neighboring bronchus streamed into and mingled with the collage- 
nous fibrils of the nodule. With the polarizing microscope one could 
detect silica within the nodule, from its centre to its periphery, and in 
the heavy, hyperplastic alveolar walls that are often found at the periph- 
ery. It was apparent that silica could be found not only wherever 
lymphatic structures existed but also wherever mononuclear hyperplasia 
had occurred. Where no hyperplasia could be found, the tissue con- 
tained no silica. Using the oil-immersion lens and polarized light, 
particles of silica could also be positively identified within the cytoplasm 
of the large, vacuolated mononuclear phagocytes contained in the exu- 
date of alveoli, bronchioles and bronchi, in perivascular and peribronchial 
tissue, but not in lymphoid follicles adjacent to large bronchi. Free 
particles of silica occasionally were observed within the central zone of 
the nodule, indicating the dissolution of phagocytes. 

Minor but progressive changes occurred within the next few days until 
the first mature, typical pseudotubercle developed. This development 
was completed during the second week and the nodule wasin all particulars 
similar in structure to those occurring in man, as described by Policard, 
Belt, Riddell and Strachan, Sutherland, and Simpson. 


EXPERIMENTS OF FROM TWO TO FOUR WEEKS’ DURATION 


In the second week all the reactions concerned in pulmonary silicosis 
had occurred and the specific nodule had been developed. The descrip- 
tion of the gross appearance at this time covers all observations made 
at a later date, except those dealing with density of fibrosis, necrotic 
changes, and processes of disposal. Pathological changes had occurred 
in one or more lobes and in either or both lungs, The lobe affected 
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was grayish-pink, and was mottled on its pleural surface. The pleural 
surface was elevated by numerous small miliary nodules lying immedi- 
ately beneath. The involved lobe was heavier than water, firm to the 
touch, and cut with a gritty sensation. The cut-section was of very 
fibrous appearance, resembling that of hepatic cirrhosis. Massive con- 
solidation had occurred at the hilar region and a fibrous cone had formed, 
following the main bronchus downward into the lung where the fibrosis 
became less massive and gave way to discrete nodules, still peribronchial 
in situation, which were dotted about in the pulmonary parenchyma and 
in the subpleural tissue. 

On microscopic examination, the grossly consolidated regions were 
found to be made up of conglomerate islets. The massive lesions had 
so compressed all the normal constituents of the lung that were incorpo- 
rated within them that the latter structures were either difficult to dis- 
cover or were so flattened as to appear occluded. In certain portions of 
the massive nodules there were typical pseudotubercles, many of which 
had coalesced, and others that had remained discrete and were identical 
to those lying singly within the pulmonary parenchyma. The arrange- 
ment of all these incorporated nodules was the same. They all might 
be found where lymphatic tissue existed and were always adjacent to the 
neighboring bronchus or blood-vessel. The incorporation of bronchi 
and blood-vessels in this mass of consolidated tissue was purely inci- 
dental, for they had no part in the structure of the silicotic lesions. The 
cells making up the massive consolidation were all mononuclear histio- 
cytes. The discrete nodules, and those which had coalesced, were en- 
tirely cellular but avascular. A central region of necrosis developed, 
surrounded by layers of cells resembling “epithelioid” cells of tuber- 
culosis. These, in turn, were encircled by fibroblastic layers forming 
concentric envelopes around the nodules. Abnormal amounts of col- 
lagenous material could be seen in wisps of fibres, in heavier strands, or 
even broad, wavy bands intermingled with those normally disposed in 
the walls of neighboring vessels and bronchi. Fibres penetrated through 
the cellular layers and were scattered among the necrotic cells and in 
the débris at the centre, where an occasional fibroblast was seen. It was 
possible, therefore, to see fibrosis extending from the wall of the bronchus 
to the periphery of the nodule and thence into the region of central 
necrosis. It was possible, at this time, to indicate the probable meta- 
morphosis of the mononuclear histiocytes into fibroblasts. These, as 
well as the local tissue fibroblasts, appeared to form collagenous material. 
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In experiments lasting from two to four weeks, the main differences 
to be noted were the necrosis that appeared to be advancing steadily, and 
the organization in which fibrosis was developing to a point at which 
the nodule might become obliterated. During this stage, all of the 
nodules were not equally well developed. Either they were really 
younger, or the metamorphosis of cellular constituents, the necrosis, and 
the fibrosis, had been delayed. 

When sections were stained by a modification of the Bielschowski 
method, the reticulum of the nodule was more clearly displayed. In 
the central portions of the nodules, ramifying argyrophile fibres inter- 
twined and formed a perfect network. They intermingled with a net- 
work ramifying among the peripheral laminae and these encircling fibres 
with the coarse, wavy bands of collagen at the periphery of the nodule. 
The collagenous fibres were related to and augmented by those proceed- 
ing from the neighboring bronchi or blood-vessels. They were also 
related to the fine, delicate, fibrous structure of the neighboring alveolar 
walls of normal parenchyma. 

Before the sixth month had passed, so similar were the processes of 
repair in silicotic nodules to those of miliary tubercles, that we could 
accept Miller’s conclusions without modification: 

“T. Reticulum is a precollagenous type of connective tissue. II. In 
the conversion of reticulum into collagenous tissue a healing process is 
taking place. III. Whatever tends to promote the formation of reticu- 
lum and its conversion into collagenous tissue tends to promote the heal- 
ing of tubercle.” 


OBSERVATIONS ON THE OCCURRENCE OF FAT AND THE DEPOSITION OF 
CALCIUM IN THE NODULE 


The appearance of fat globules was as striking a feature throughout 
the growth and development of the experimental nodule of silicosis as 
it was known to be in the silicotic nodules of man. Moreover, it appeared 
in the same types of cells and was disposed throughout the nodule in a 
similar manner. 

In the exudate of bronchioles and bronchi, the mononuclear phago- 
cytic cells, laden with particulate material, were filled with fat glob- 
ules. No fat, however, was seen within the walls of the bronchi 
themselves. There was no evidence at any time that these fat-contain- 
ing phagocytes were derived from the bronchial mucosa or that they 
migrated through it. There was abundant evidence that they were 
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derived from the alveolar lining cells, and that they migrated throughout 
the parenchyma of the lung. 

In the early hours of the reaction, the tissues contained but little fat. 
A few small droplets appeared in mononuclear cells within twenty-four 
hours, but by four days fat globules were abundant in the large mono- 
nuclear phagocytes that have previously been described as vacuolated 
and that have been shown to be highly phagocytic. 

After the first week, when the histological nodule had been developed, 
large amounts of fat were discernible. It was included in cells through- 
out the whole nodule but was in larger amounts in the periphery and in 
the central portion. There was inequality of distribution, giving the 
appearance of concentrated zones of fat-bearing cells. 

During the period of three weeks when organization into fibrous tissue 
was occurring, fibroblasts were in abundance. They were scattered 
throughout the nodules, but increased in numbers from centre to periph- 
ery. Apparently they were derived not only from fixed-tissue fibroblasts 
which did not contain fat, but also from those histiocytes that encircled 
the central zone and that lay within the collagenous network at the 
periphery. Their probable transformation into fibroblasts had been 
suspected previously, but the arrangement of fat droplets in the cyto- 
plasm of these cells, and their identification in the fine terminal proc- 
esses, made the evidence convincing. As organization was completed 
and fibrous obliteration of the nodule was brought about, there was a 
gradual lessening in the amount of fat. 

In addition to deposits of fat, replacement of necrotic portions by 
calcium appeared in the third week. It was not a frequent occurrence, 
but it was occasionally recognized. Its presence, however, was not 
verified by chemical studies. The deposit of calcium, when present, was 
always found in the centre of these nodules that were densely fibrotic, 
and that were made conspicuous by the heavy, wavy, interwoven col- 
lagenous fibres that layer by layer invested them. 


PROGRESS IN DEVELOPMENT OF THE NODULE FROM THE SECOND 
TO THE SIXTH MONTH 


From the second to the sixth month, two processes took place, both 
of which tended to conserve the health of the silicotic animal. They 
were opposite in nature: the one was degenerative and ended in disap- 
pearance of the lesions; the other was protective and consisted in organi- 
zation by replacement with scar-tissue. 
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The degenerative process was characterized by replacement of the 
granular, acellular, necrotic portion by homogeneous, hyaline material, 
and gradual but progressive disintegration of the peripheral layers of 
the nodule. The encircling mononuclear cells and the fibroblasts lost 
their staining characteristics, the cytoplasm was vacuolated, and the 
nuclei irregularly stained and granular. Even the heavy, wavy, inter- 
twining bands of collagen lost their clear, regular appearance, became 
fragmented, and had faint, uncertain outlines. The spaces made by 
their interlacing fibres were almost entirely bereft of cells, or contained 
an occasional degenerating mononuclear cell or fibroblast. One area 
was seen in which two nodules lying on opposite sides of a bronchus had 
penetrated into the lumen of the bronchus. The lumen was filled with 
necrotic material and histiocytes, apparently continuous with those which 
had encircled the dying nodules. It seemed probable that the manner of 
evacuation of silicotic lesions may be effected in this manner. In one 
instance, a necrotic, eccentric, perivascular nodule had penetrated the 
muscular wall and encroached on the lumen of a vein. Blood was cir- 
culating through the vessel, but only the intima protected it from the 
load of necrotic material that was forcing its way out of the nodule. 
Occasionally silicotic lesions are removed from the lung by the formation 
of a large, conglomerate mass occupying a subpleural position and con- 
nected with the parietal pleura by adhesions. We often found these 
large abscesses filled with débris, containing silica in a free state, pre- 
sumably liberated as a result of the death of those phagocytes which 
had been engorged with silica during the earlier process of defense. The 
large, subpleural abscess was usually surrounded by a dense wall of firm 
scar-tissue. Death of our animals from empyema resulted when this 
envelope softened and the abscess was discharged into the pleural space. 

Complete organization into dense fibrous tissue was also observed in 
experiments of from two to six months’ duration. The nodule was oblit- 
erated by an arrangement of fibrous tissue similar to that described in 
earlier experiments. Collagen in dense bands encircled and confined the 
nodule, separating it from normal tissue. 

In the massive, conglomerate lesions of the lungs of animals that had 
lived for six months, there was a perfect picture of generalized fibrosis, 
in which all normal structures were deformed, compressed, or had lost 
their identity. In many parts, the lung could hardly be recognized, 
having lost all its histological characteristics. There were a few isolated, 
densely fibrotic nodules still recognizable in the fibrous background, 
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because of the direction of the encircling fibres and because the nodules 
were obliterated by heavy, argyrophile fibres. Even though organiza- 
tion was then complete, yet here and there were places where islands of 
necrosis still existed and created a picture of miliary abscesses sur- 
rounded by a densely sclerosed wall. 


COMMENT AND SUMMARY 


Although there are definite disadvantages in the method we have 
employed in our study of the development of the silicotic nodule, yet it 
has the advantage of speed. We have been able to observe the process 
from its incipience to its final stage in six months. We have been able to 
follow the various changes that produce the typical nodule, that build 


Fic. 1. Miliary silicotic nodules. The centres show evidence of necrosis while the periphe- 
ral cells are arranged in concentric layers. Collagenous fibres and an encircling band of 
lymphocytes form an investment about the nodules. Nodules are closely approximated to 
bronchi, and surrounding pulmonary tissue is of normal appearance. 

Fic. 2. Particles of silica in nodules are identified by polarized light. 

Fic. 3. Three laminae of a nodule: (1) central necrotic lamina; (2) concentrically arranged 
mononuclear vacuolated phagocytes becoming elonagted and resembling fibroblasts; and (3) 
layer of fibroblasts and cells of lymphocytic order. 

Fic. 4. Reticulin stained by Bielschowsky’s method, showing penetration into the nodule 
from encircling peripheral argyrophile fibres, which intermingle with collagenous bands of 
neighboring bronchus. 

Fic. 5. Ulceration and erosion occurring within five weeks in nodules adjacent to a bron- 
chus and a vein. Particles of silica were identified in the exudate lying in the lumina of both 
the bronchus and the vein. 

Fic. 6. Obliteration within six months of affected lung by extensive fibrosis. 


it up, encapsulate and obliterate it or that disintegrate it, destroy it and 
eliminate it. Such progressive steps are not possible to witness in the 
study of silicosis in man. Pathological pictures of diseases can be 
observed, in which a week’s development represents that of many years 
in silicosis of man. The pathological changes in the experimental animal 
exactly parallel those found in man and described by Policard, Gardner, 
Belt, Riddell, Strachan, Sutherland and Simpson, and many others. 

We have employed roentgen rays to determine the exact situation of 
the tracheal cannula and the deposits of silica when they are introduced 
within the lung. We have used graphite to mark the sites where particu- 
late matter was localized, and the polarizing microscope to confirm the 
presence of silica in those places and to determine whether its crystals 
were free or had become phagocytosed. Osterberg made both qualita- 
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tive and quantitative examinations of silica in the affected lung and 
Sheard examined spectroscopically to determine the presence particu- 
larly of both silica and calcium. Because of the similarity in appearance, 
distribution, and construction of the silicotic nodule and the tubercle 
of tuberculosis, sections were examined by polarized light and after 
staining by the Ziehl-Neelsen method. 

Within forty-eight hours, the first and youngest silicotic nodule became 
recognizable. It was a small, spherical bit of consolidated parenchyma, 
lying eccentric to a small bronchus. Within three to five days, strands 
of fibrous tissue were formed by the fibroblasts in the periphery of the 
nodules. The lesion became surrounded by them, and they penetrated 
into the central portions where silica was most abundant. Within seven 
days, the first typical pulmonary silicotic nodules were completed. 
Within the second week, necrosis was well advanced in the central zone, 
where the cells had degenerated and particles of silica were free among 
them. 

Between the first and the sixth month, organization was complete. 
The nodule either became completely fibrotic, or, after first becoming 
necrotic, the necrosis was replaced by mononuclear cells of the histiocytic 
type which produced argyrophile fibres in vast numbers and obliterated 
the nodule. Within that same period, however, reactions of degenera- 
tion were also observed, in which small or large abscesses were developed. 
Erosion into the bronchi, or the blood-vessels, or the pleural spaces, 
occurred, and death often resulted from subsequent pneumonia, sepsis 
or empyema. 

The metamorphosis in the development of the typical pulmonary 
silicotic lesion was complete within six months. By such experimental 
methods as we have employed, each changing reaction and its resultant 
effect on the construction of the nodule was readily followed. 
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THE TREATMENT OF ACUTE FORMS OF PULMONARY 
TUBERCULOSIS! 


GEORGE G. ORNSTEIN anp DAVID ULMAR 


The conception, that tuberculosis usually begins as a minimal lesion 
and slowly progresses to far-advanced tuberculosis, is, to our minds, 
erroneous. In large cities, with overcrowding and opportunities for 
massive infection, extensive tuberculosis is very common. Our inexper- 
ience at first with these extensive inflammatory infections led us to believe 
that, had these cases been diagnosed early and the proper treatment insti- 
tuted, they would never have come to this far-advanced stage. We have 
now come to realize, however, that inflammatory forms of tuberculosis 
can occur with an acuteness that is not usually attributed to tuberculous 
infection. Within a few hours an inflammatory infection may involve a 
small or large part of one or both lungs. The conception that an exten- 
sive tuberculosis is of long standing need not be true. Extensive involve- 
ment can occur in twenty-four to forty-eight hours. 

There are various forms of this inflammatory tuberculosis. Because 
of their acuteness of onset we have termed them The Acute Forms of Pul- 
monary Tuberculosis. We are not presenting any new forms of this very 
old disease. Every phase of tuberculosis is known to all experienced 
clinicians. Unfortunately few of us have had the opportunity to follow 
the course of the disease from its beginning to its end. The habit of 
sending the patient away to the tuberculosis centre is chiefly responsible 
for this lack of proper knowledge of the course of the disease. The clini- 
cian in the city is very familiar with an acute form of the disease and calls 
it acute pneumonic phthisis. The same patient, having survived the 
acute stage, now is sent to the tuberculosis centre. The diagnosisthere 
is chronic tuberculosis. Should the lung have excavated, the disease is 
termed chronic fibroulcerative tuberculosis. Is this chronic fibroulcera- 
tive tuberculosis associated with the acute pneumonic stage of a few 
months ago? Not at all: this chronic far-advanced fibroulcerative 


1From the Department of Tuberculosis, Metropolitan and Sea View Hospitals, New 
York City. 
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tuberculosis is looked upon as the sad result of a neglected minimal 
tuberculosis. 

In the belief that a classification should be based on a clinicopathological 
conception, and with the conviction that the present classification of the 
National Tuberculosis Association is a misleading one, we have been 
able to point out in a previous article (1) that there are four main types 
of pulmonary tuberculosis, each of which runs a characteristic and dis- 
tinct course. In the following pages we (2) shall discuss the treatment in 
the three acute forms, namely, the exudative type, the exudative-produc- 
tive type, and the caseous-pneumonic type. 


THE EXUDATIVE TYPE 


The exudative form of tuberculosis is characterized by an intense in- 
flammatory reaction produced by a small dose of tubercle bacilli in highly 
sensitized tissues. The response to infection is chiefly serous with little 
fibrin and cellular formation. In spite of the intensive inflammatory re- 
sponse there is little, if any, destruction of tissue. Soon after the peak of 
the reaction the process clears by resolution if there is no further allergic 
stimulation by fresh accession of tuberculous material. 

Clinically this exudative form is frequently incorrectly diagnosed. It 
resembles in its onset the acute cold, the grippal infections, and broncho- 
pneumonia. The patient is taken acutely ill with fever, cough and expec- 
toration. Fortunately, about 40 per cent of the cases have haemoptysis 
and tuberculosis is suspected. 

The symptoms rapidly subside and in a short time the patient is well 
again. Only in those having haemoptysis and in contact patients is tu- 
berculosis suspected at once. Physical signs are usually scanty and con- 
sist of dulness, slight alteration of breath-sounds and moist rales. The 
X-ray is startling because of the extent of lesion in view of the scanty 
physical findings. Over 60 per cent of the cases presented a far-advanced 
lesion according to the National Tuberculosis Association classification. 
Resolution with clearing in the X-ray rapidly occurs.’ The absorption of 
the exudate is frequently irregular, with the formation of high lights 
which may easily be interpreted as cavities. Such-X-rays are usually 
interpreted as caseous-pneumonic forms of tuberculosis. Serial X-rays, 
however, soon reveal the tremendous difference in the two types of proc- 
esses, the “exudative” running a benign course with complete resolution 
and frequently leaving no trace of the original infection. 


486 GEORGE G. ORNSTEIN AND DAVID ULMAR 


The following cases demonstrate the possibility and rapidity of resolu- 
tion to be expected in this type of tuberculosis. 


Case 1: A young woman,white, 29 years old, and stenographer by occupation, 
presented herself because of the appearance of an acute cold with cough, which 
persisted. She was worried because of contact with a tuberculous father, who 
had died a few years previously, and more recently had had contact with a 
sister, who had recovered from tuberculosis. Her cough was not severe and 
she expectorated at times. She had lost some weight and complained of 
marked fatigue. 

Physical findings were scant: dulness on percussion over the right upper lobe 
posteriorly, and bronchovesicular breathing over this area of dulness. Moist 
rales were also heard from the apex to the fifth rib posteriorly. 

X-ray disclosed a small annular shadow in the right upper lobe, close to the 
apex. There were some acinous productive changes in the left upper lobe. 
Examination of the sputum disclosed tubercle bacilli. The patient was sent 
to the country to be on a modified rest regimen. Her symptoms quickly dis- 
appeared. She gained weight rapidly. Six weeks later she was again ex- 
amined. No abnormal findings were heard; she had no complaints; she had 
gained 14 lbs. The annular shadow in her first X-ray had disappeared. 


Case 2: A young woman of 28, diagnosed as tuberculous, was sent for con- 
sideration of collapse therapy by pneumothorax. Her sister had a tuberculous 
infection. The patient had become acutely ill six weeks ago, with a chest 
cold, and had a temperature of 104°, which continued for a few days and then 
subsided. The cough had persisted but was now considerably improved. 
The patient expectorated more at the beginning of her illness, when examina- 
tion of her sputum revealed tubercle bacilli. Physical signs were present in 
her right interscapular area, consisting of change in note on percussion, with 
bronchovesicular breathing and moist rales. Her sputum was again examined 
and bacilli demonstrated (Gaffky II). X-ray examination revealed an annular 
shadow in the right lung close to the root area. Because of her general im- 
provement the patient was put to bed at home and isolated from her family. 
Her symptoms disappeared. In two weeks she gained 8 pounds. No ab- 
normal findings were heard. In her X-ray of March 29, 1932, the annular 
shadow and the area of inflammation surrounding it had disappeared. 


The logical indication for therapy in this type of tuberculosis is, 
therefore, (1) no interference with the normal return to status quo by any 
operative procedure such as pneumothorax, or any other manipulation, 
and (2) avoidance of future reinfection. This involves a careful search for 
the contact, and also raises the question as to the advisability of sending 
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EXUDATIVE TYPE 
Case I 

Fic. 1. This case illustrates the typical acute reaction of very allergic tissue to a small 
dose of tuberculous antigen. While there is intense inflammation, there is very little tissue- 
destruction. The absorption of the exudate may take place irregularly, giving the appear- 
ance of a cavity which may be seen at the level of the clavicle on the right side. The sputum 
was positive at the time of this film. The physical signs consisted of dulness and broncho- 
vesicular breathing, from apex to 5th rib posteriorly, with a few moist rales. The acute 
allergic form of response is we!l borne out by the hint of sudden onset following contact with 
a tuberculous individual. 

Fic. 2. Forty-one days later. Note the disappearance of the “cavity” at the right apex. 
All symptoms and abnormal physical findings have disappeared. Weight-gain of 14 pounds. 
The only treatment afforded this patient was bed-rest and avoidance of further tuberculous 
contact. This is the type of tuberculosis in which good results may be obtained with prac- 
tically any type of therapy. The rapidly disappearing cavities following phrenic neurectomy 
are probably in this group. 

Case 2 

Fic. 1. This case illustrates the typical acute reaction of very allergic tissue to a small 
dose of tuberculous antigen. While there is intense inflammation, there is very little tissue 
destruction. The absorption of the exudate may take place irregularly, giving the appear- 
ance of a cavity, which may be seen at the right root area. There is a history of tuberculous 
contact. Onset of symptoms was acute with a temperature of 104°, cough and expectoration. 
Tubercle bacilli were found in the sputum. Physical signs consisted of bronchovesicular 
breathing and moist rales in the right interscapular area. 

Fic. 2. Eighty-seven days later. Cough and expectoration have completely disappeared. 
Patient has gained 10 pounds. X-ray shows complete disappearance of the cavity. The 
only treatment afforded this patient was bed-rest and avoidance of further tuberculous 
contact. This is the type of tuberculosis in which good results may be obtained with prac- 
tically any type of therapy. The rapidly disappearing cavities following phrenic neurectomy 
are probably in this group. 
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these susceptibles to a tuberculosis sanatorium. Our experience has 
shown that sanatorium care may be dangerous because of contact. 

Any form of therapy in this group would have been successful. The 
miracles usually explained by phrenicectomy belong to this group. 


THE EXUDATIVE-PRODUCTIVE TYPE 


The exudative productive type of tuberculosis is quite different from 
the above-described exudative form. ‘This is undoubtedly due to a 
different balance between the mass of dosage or virulence of the organ- 
ism and the allergic reaction of the tissue of the host. Instead of a 
relatively pure exudative response, with practically no permanently 
recognizable tissue-damage, there is now present some evidence of tissue- 
destruction. This destruction and resultant scarring take place in a 
rather peculiar fashion. While the onset of the affair is acute and sudden, 
the destruction and subsequent reparation is a somewhat drawn-out proc- 
ess. In this respect it is quite different from the caseous-pneumonic 
form, which will be discussed later. The exact nature of this pathological 
process is not well understood at the present time. Obviously, a patient 
who recovers is not seen by the pathologist. Clinically, however, this 
form of tuberculosis is fairly easy to recognize. The onset is generally 
acute with a moderate severity of toxaemia. Unlike the exudative type, 
however, this toxaemia persists for a considerable length of time. Cough 
and expectoration also persist and may be present for several months. 
Eventually, however, the symptoms disappear and the patient feels per- 
fectly well. The sputum, which was moderate in amount at the onset, 
gradually diminishes and then disappears. The tubercle bacilli, which 
were originally present, become increasingly difficult to find, and finally 
are no longer seen. Incidentally, the bacilli are never very numerous, 
the Gaffky count at the start of the affair being around three or four. 
This, as will be shown later, is quite different from the caseous-pneumonic 
type. The X-ray films also show a corresponding clearing. From the 
homogeneous shadowing of greater or less extent characteristic of in- 
flammatory pulmonary reaction, there is a gradual absorption of the den- 
sity. There is not complete clearing, however. There always remains a 
residual linear type of scarring, the result of the peculiar type of lung- 
damage which occurred at the onset of the disease. The patient, how- 
ever, feels perfectly well. Cough and expectoration and tubercle bacilli 
have long since disappeared. The patient is well, and has reached that 
condition, not by any means of operative interference, such as phrenicec- 
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tomy, artificial pneumothorax, or any of the other procedures, but 
merely by being let alone and protected against further reinfecting 
dosage. ‘To our minds surgical interference cannot improve upon the 
result obtained through the normal unaided process of nature. 

The following case demonstrates the above points: 


Case 3: A man, white, 25 years of age, became ill, June, 1929. Illness began 
with an acute process, diagnosed as a pneumonic condition. For two weeks 
the patient ran an elevation of temperature which subsided. He was then 
X-rayed and a diagnosis of tuberculosis was made. Tubercle bacilli were 
demonstrated in his sputum. The patient was sent to a sanatorium, where he 
was put to bed. His cough and expectoration subsided rapidly. 

An X-ray was taken June 1, 1929. In the dense exudative shadow there 
were some high lights which appeared very much like cavity-formation. An 
X-ray, taken July 8, 1929 (thirty-seven days later), demonstrated beginning 
resolution. An annular shadow was still present in the 2nd interspace which 
was still interpreted as a cavity. 

Four months later, on November 1, 1929, the cavity had disappeared, and 
further resolution throughout was noted. 

An X-ray was taken on December 16, 1929. By this time the patient had 
completely lost his cough and expectoration. He had gained weight. He left 
Saranac Lake to return to his occupation. The X-ray demonstrated further 
resolution. Because of the irregular absorption of the exudate the X-ray gave 
one the impression of a large annular shadow being present which could easily 
be interpreted as a large cavity. 

The patient enjoyed good health throughout this period, and on examination 
there were no physical findings. The X-ray of July 12, 1930, showed a break- 
ing-up of the walls of this annular shadow leaving linear strands of fibrosis. 

On December 4, 1930 there were some linear strands in the right upper lobe. 

X-ray of February 14, 1931, showed still further resolution, leaving a few 
strands of fibrotic tissue. 

The X-ray of April 12, 1932, showed no evidence of the acute inflammatory 
tuberculosis which had existed in the right upper lobe. At this time one would 
be very hesitant to state whether a tuberculous process had existed. This 
case is an excellent example of the possibility of resolution in acute inflamma- 
tory forms of tuberculosis. Any form of surgical or medical therapy would 
have produced a good result. (See figures, case 3.) 


THE CASEOUS-PNEUMONIC TYPE 


In the two forms of acute tuberculosis previously described it has been 
shown that strict noninterference is the rational method of treatment. 


{ 
| 
3 
7 
+ oH 
} 
4 


EXUDATIVE-PRODUCTIVE TYPE 
Case 3 

Fic. 1. The exudative-productive type of tuberculosis is quite different from the above- 
described exudative form. This is undoubtedly due to a different balance between the mass 
of dosage or virulence of the organism and the allergic reaction of the tissue of the host. 
Instead of a relatively pure exudative response with practically no permanent recognizable 
tissue damage, there is now present some evidence of tissue destruction. This destruction 
and resultant scarring takes place in a rather peculiar fashion. While the onset of the affair 
is acute and sudden, the destruction and subsequent reparation is a somewhat drawn-out 
process. 

The onset in this case was acute. The original diagnosis was pneumonia because of the 
sudden and persistent high temperature. There were signs of consolidation over the right 
upper lobe. During the patient’s convalescence an X-ray, shown above, was taken because 
of the persistence of cough and expectoration. The X-ray demonstrates involvement of the 
right upper lobe with an annular shadow in the first interspace. Tubercle bacilli were demon- 
strated in the sputum. With bed-rest in a sanatorium cough and expectoration disappeared. 

Fic. 2. Fifty-six days later. Considerable resolution has occurred, its irregularity 
producing an appearance of cavity. 

Fic. 3. Six months, 14 days later. Patient came home from sanatorium. There were 
no symptoms. X-ray demonstrates irregular absorption of the exudate with the definite 
appearance of the annular shadow. No cough or expectoration. 

Fic. 4. The patient, 18 months later, is now back at work for the past six months. There 
has been almost complete resolution except for a few linear scars. 

Fic. 5. Two years, 10 months later, the patient is still working. Resolution has further 
progressed, so that now there is very little linear scarring to be seen. This series demonstrates 
the minimal destruction of tissue in spite of the extensive original process. The exudate 
has been absorbed very slowly. The scar which has remained has not been sufficient to 
produce the slightest distortion of the thorax or retraction of the mediastinum. The only 
treatment in this case was bed-rest and protection from further contact. Any form of sur- 
gical intervention, such as phrenic neurectomy, would, in all probability, have been con- 
sidered a brilliant success. 
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In marked contrast to this stands the caseous-pneumonic form, now to be 
discussed. Here, because of excessive stimulation of hypersensitive 
tissue by massive dosage of aspirated tuberculous antigen, there is an 
intense inflammatory response. This inflammatory response, probably 
because of the balance between the mass of virulence of the infecting dose 
and the reaction of the host, is excessive, and results in cell-death with its 
resultant coagulation necrosis or caseation. This death of tissue occurs 
very early in the course of the disease. As will be seen later in our dis- 
cussion of treatment it is exceedingly important to recognize this simple 
fact. As a result of this pulmonary injury and caseation, the patient is 
very ill and toxic. Gradually a liquefaction of the caseated area occurs, 
so that the patient now has a rather profuse cough and expectoration. 
Tubercle bacilli are very numerous in the sputum, usually from Gaffky V 
to X. As the caseous material is sloughed out, the toxic absorption be- 
gins to diminish, so that the temperature and pulse gradually approach 
the normal. When the sloughing out has been completed, the patient 
feels relatively well although now there is a definite cavity present in the 
lung in place of the previous area of caseation. From now on the repara- 
tive process begins to assume the lead with resultant scar-formation. 
When extensive, and when the proper mechanical factors are present, there 
is considerable distortion of the thorax with retraction of the heart and 
mediastinum. We are now dealing with the end-result of an acute 
caseous-pneumonic process and not with a chronic fibrocavernous tuber- 
culosis, as this end-result has been erroneously called. The unfortunate 
aspect of the healing end-result is that the ultimate outlook for the patient 
isbad. The reason for this is comparatively simple. From the wall of 
the cavity there is a constant shedding of tubercle bacilli with the result- 
ant opportunity for bronchogenic dissemination and spread of disease. 
Regardless of the well-being of the patient, and regardless of the extent 
of the disease, this danger is always present. Sooner or later, unless 
steps are taken to prevent it, calamity is bound to occur. Thus, Barnes 
and Barnes (3), from their study of 1,454 cavity cases (which, in our 
classification, is caseous-pneumonic tuberculosis), find that 

80 per cent died within 1 year. 

82 per cent died within 2 years. 

85 per cent died within 3 years. 

90 per cent died within 5 years. 

95 per cent died within 15 years. 

It is this bad mechanical end-result that our treatment must aim to pre- 
vent or correct. 
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From the very nature of the process, prevention is practically impossi- 
ble. Due to the initial injury by the tuberculous antigen, cell-destruc- 
tion takes place early. No form of treatment can possibly bring back to 
life this necrotic tissue. Before any sort of healing can take place this 
caseous material must be sloughed out. Interference at this time will 
not only produce no good but may actually cause harm. We have re- 
peatedly demonstrated for example that pneumothorax in the early acute 
phase before sloughing out has occurred usually leads to a spontaneous 
rupture of the lung. 

Inasmuch as prevention is useless, correction of the bad mechanical 
end-result is the only front which may be attacked. The dangerous part 
of this end-result of caseous-pneumonic tuberculosis is not the cavity but 
rather the positive sputum arising therefrom. Our particular goal 
therefore must be the eradication of the positive sputum. At the present 
time the only method of gaining this end is a mechanical one. Some form 
of compression therapy is the indication. 

The first step in this procedure is usually artificial pneumothorax. 
As has been mentioned previously, it is useless to attempt this in the 
acute early stage. Not only will the sloughing take place as in the uncol- 
lapsed lung, but this sloughing may extend to the visceral pleura. With- 
out the support of the parietal pleura and the resulting adhesions, a spon- 
taneous pneumothorax is bound tooccur. Even if this dire complication 
does not take place, spread of disease in the collapsed lung is prone to oc- 
cur for the simple reason that the expulsive effect of cough is less efficient 
in the pneumothorax lung. Therefore, a puddling of sputum can and 
does readily occur. Quite obviously, too, it is useless to try to com- 
press a pneumonic lung, the effect being much the same as trying to com- 
press liver. 

For these reasons we feel that there should be no interference in the 
acute stage. It is only after the temperature has subsided and the 
sloughing has taken place that any form of compression therapy should 
be attempted. Lung compression and not lung rest should be the aim. 
The ultimate goal is a negative sputum. [If this is not obtained within a 
reasonable time the pneumothorax must not be needlessly continued. 
Some other form of compression or aid for the pneumothorax should be 
considered. Occasionally the severance of an adhesion will so change 
the mechanical factors that a negative sputum is the result. 

If pneumothorax cannot be induced because of adhesions, or fails be- 
cause of persistently positive sputum, some other form of compression 
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therapy must be attempted. Chief among these methods are thora- 
coplasty and apicolysis. The exact procedure which is followed will 
depend upon the mechanics of the thorax and the compression which is re- 
quired. The standard method which is generally employed is para- 
vertebral thoracoplasty. The requisite for success is adequate collapse 
and compression, such as is obtained only by resection of sufficient lengths 
of the posterior parts of the ribs. The index of success is the disappear- 
ance of tubercle bacilli from the sputum or even the actual disappear- 
ance of sputum itself. Whether partial or complete thoracoplasty is 
done, or whether apicolysis is performed, will depend almost entirely on 
the extent of the desired area of compression and certain other factors 
which the scope of this paper does not permit to be discussed now. The 
point of paramount importance throughout the entire treatment is the 
presence or absence of tubercle bacilli. As long as there is a positive 
sputum, the patient is in danger, and the treatment must be considered a 
failure. Our recent series of thoracoplasty cases at Seaview have been 
most gratifying in this respect. Thus, out of 65 cases, there have been 
8 deaths, a mortality of 12.5 per cent. Of the remaining 57 cases there 
have been 38 complete thoracoplasties. Nineteen, or 50 per cent, now 
have a negative sputum. The average duration of these cases postopera- 
tively is 2 to 6 months, the oldest being 6 months. Twelve, or 31.6 per 
cent, are markedly improved, the sputum being negative with an oc- 
casionally Gaffky I sputum instead of the previous Gaffky V to X count. 
Seven, or 18.4 per cent, are unimproved. Nineteen cases have had their 
upper-stage thoracoplasty. Of these, 14 at present are awaiting the 
second stage. Three cases, all with positive sputum, have refused the 
benefit of a completion of the thoracoplasty. One case has an upper- 
stage thoracoplasty combined with pneumothorax. The sputum is now 
negative. In one case the sputum became negative after the first stage, 
so that the lower thoracoplasty was unnecessary. 

Recently we have been utilizing the compression obtained by apicolysis. 
We have found this particularly advantageous when the end-result of the 
caseous-pneumonic lesion is in both apices. We have done to date 18 
cases. Nine, or 16.2 per cent, have negative sputum; fifteen, or 83.8 per 
cent, have a positive sputum; and five, or 27 per cent, have had wound 
complications. 

We have also combined our methods of compression so that a combina- 
tion of thoracoplasty and pneumothorax or apicolysis may be used on the 
same patient. Inasmuch as the problem is largely a mechanical one, it 
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resolves itself into a relatively simple matter to figure out the ideal 
method of compression. Our experience with phrenic neurectomy in 
the caseous-pneumonic type of involvement has been totally disappoint- 
ing. The results with this procedure will be reported more fully at a 
later date. 

It has been our observation that in the large centres of population, 
such as New York City, the acute inflammatory forms of tuberculosis 
comprise the majority of tuberculosis cases. The caseous-pneumonic is 
the predominant type in this inflammatory group. Inasmuch as a large 
proportion of these cases are suitable for collapse therapy, it follows there- 
fore that the scope of thoracic surgery is tremendously widened. The 
following cases will serve to illustrate: 


Case 4: A young woman came November 11, 1929, for a check-up as a contact. 
There were no abnormal findings. Her X-ray showed no evidence of any 
clinical pathological change. At that time she was separated from her tuber- 
culous contact. (Her mother had an extensive caseous-pneumonic process 
with a sloughing-out of the whole right upper lobe and a high Gaffky count for 
tubercle bacilli.) This patient did well until the mother returned home. 
From November, 1929, until March, 1931, she enjoyed good health. On 
March 6, 1931, she again appeared at our clinic, complaining of having become 
acutely sick two days previously with high temperature, and pain in her left 
side, especially in the left shoulder region, with cough and expectoration. 
Altered breath-sounds were heard over the left upper lobe for the first time. 

An X-ray demonstrated an inflammatory process in the left upper lobe, 
extending from the ist to the 3rd rib anteriorly and from the 4th to the 8th rib 
posteriorly. Examination of her sputum was positive for tubercle bacilli. 
The patient was put to bed. Her symptoms rapidly disappeared. She gained 
weigat, lost her cough and expectoration. 

The X-ray taken on April 13, 1931, showed a resolution of most of the 
process except for a small cavity behind the second rib anteriorly. Her weight 
increased from 117 to 138 pounds. Her sputum, however, remained positive. 
Here is a fine example in which weight and symptoms and ability to carry on 
were misleading. 

At this time collapse therapy was recommended in spite of the improved 
condition of the patient. The patient refused because of her excellent con- 
dition, pointing to her increase in weight and absence of symptoms. Her 
sputum was persistently positive. The involvement was caseous-pneumonic 
though minimal in extent. The prognosis, in spite of the improved clinical 
condition of the patient, was poor. 

For almost a year the patient carried on without any apparent change in 
her good health. On February 29, 1932, she became acutely ill with pain in 


CASEOUS-PNEUMONIC TYPE 
Case 4 


Fic. 1. In this type, because of excessive stimulation of hypersensitive tissue by massive 
dosage of aspirated tuberculous antigen, there is an intense inflammatory response. This 
inflammatory response is excessive, and results in cell-death with its ensuing caseation. 
Cavity remains after the necrotic material has been sloughed out. Distortion of the thorax 
with retraction of the heart and mediastinum may occur. From the wall of the cavity there 
is a constant shedding of tubercie bacilli with the resultant opportunity for spread of the 
pathological process. 

This is the X-ray of a young woman of 23 who was examined as a contact. The mother 
of the patient had an extensive caseous-pneumonic tuberculosis and had recently been re- 
moved to a sanatorium. There were no abnormal findings in the daughter nor was any 
evidence of pulmonary involvement seen in the X-ray which is shown above. 

Fic. 2. Sixteen months after fig. 1. The patient felt perfectly well for 16 months until the 
return of the mother from the sanatorium. Then, suddenly, she became acutely ill with 
fever, pain in the left shoulder, cough and expectoration. Abnormal breath-sounds were 
heard in the left upper lobe. Tubercle bacilli were present in the sputum. On bed-rest, 
cough disappeared and expectoration diminished. The patient gained weight. The X-ray 
at this time showed a small cavity on the left at the level of the 2nd rib. Pneumothorax was 
advised because of the persistently positive sputum but was refused. 

Fic. 3. Two years and 3 months after figure 1, after almost a year of good health, the 
patient suddenly became acutely ill with pain in the left thorax. There had been an acute 
caseous-pneumonic extension, the result of a sudden spill-over of bacilli from the small cavity. 
The tuberculous mother had been previously removed. Actually, outside contact was no 
longer necessary, for the patient with her positive sputum was making her own contact with 
tubercle bacilli. The X-ray demonstrates an enlarged cavity with a surrounding zone of 
caseous pneumonia. 

Fic. 4. Six weeks after fig. 3 the sputum is markedly positive, continued bronchogenic 
extension taking place. Pneumothorax is being tried but seems ineffective. This case illus- 
trates the trouble that is bound to occur as long as the bad mechanical end-result of a caseous- 
pneumonic process with its positive sputum is allowed to exist. Extent of disease or well- 
being of the patient is of no consequence. The presence of tubercle bacilli is the all-im- 
portant factor. This case also demonstrates the importance of contact in a sensitive in- 
dividual. 
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her left thorax. The small cavity had discharged its contents, which were 
aspirated into the adjacent lung issue. The result was an acute tuberculous 
caseous pneumonia. 


Here is a story of calamity which might have been avoided had pneumo- 
thorax been induced one year ago. X-rays of March 24, 1932, and May 
29, 1932, demonstrate the advance of the disease with the attempt to 
control it too late by pneumothorax. 

In summarizing case 4 we begin to see clearly that the important criter- 
ion for collapse therapy is not always the symptomatology but rather a 
sputum positive for tubercle bacilli. Gain of weight and general good 
health may only mean a postponement of a serious reinfection. Irrespec- 
tive of whether caseous-pneumonic tuberculosis is small or large in extent, 
collapse therapy is indicated in order to obtain a negative sputum. 


Case 5: A young man, about 20 years of age, illustrating a poor collapse by 
pneumothorax. The patient had a caseous-pneumonic process in the right 
upperlobe. The cavity can be easily visualized in the right upper lobe. It was 
impossible to collapse the upper lobe because of adhesions. The cavity has 
increased in size because of a reinfection and sloughing-out of the whole right 
upper lobe. The lower lobe has also become infected from the cavity above. 
This is a definite example, to demonstrate the fact that one must do more than 
rest the lung by splinting it. The extension has been due solely to the fact 
that there has been a continued source of supply of bacilli. Had the cavity 
been collapsed this would not have happened. 


Case 6: A man, white, 28 years of age, was admitted to Metropolitan Hospital, 
November 17, 1931. He claims to have been ill only 5 months before his 
admission, and to have begun with cough, expectoration, haemoptysis, and 
loss of sixteen pounds. His X-ray demonstrates a bilateral caseous-pneumonic 
process with cavity-formation in the upper lobes, from which source there has 
been a seeding throughout the lungs, with a resulting diffuse acinous-productive 
tuberculosis. This is an example of bilateral disease with a rapid seeding 
throughout both lungs. The important factor was to obliterate both cavities 
so that the spilling of bacilli into both lungs be stopped. Bilateral pneumo- 
thorax was first considered, but, inasmuch as we believe in compression pneu- 
mothorax and not rest of the lung, we thought it was not advisable. We 
therefore determined to do a bilateral apicolysis. 

The right apicolysis was done first, February 1, 1932, and the left on Feb- 
ruary 27, 1932. The sputum diminished from 2 or 3 ounces a day to 0.5 to 1 
ounce, and, from a high Gaffky count changed to repeatedly negative, and 
only occasionally positive. It is too soon to determine the success obtained by 
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surgery in this case, but it demonstrates the importance of attempting ana- 
tomically to close cavities which form the source of ‘supply of bacilli for rein- 
fection. 


Case 7: A young woman, 25 years of age, who had been chronically ill a year 
and six months. Admitted to Metropolitan Hospital, June 9, 1931, complain- 
ing of cough, expectoration and repeated haemoptysis, having had a severe one 
just before her admission to the hospital. The whole left lung was involved 


CASEOUS-PNEUMONIC TYPE 
Case 5 

Fic. 1. This case is that of a male, 20 years of age. He had the typical end-result of a 
caseous-pneumonic process in the right upper lobe with cavity-formation and positive sputum. 
In an effort to change this bad mechanical end-result pneumothorax was instituted. This 
X-ray shows the pneumothorax on the right side. The upper lobe, which contains a cavity, 
has several adhesions between it and the chest-wall. The lower lobe is relatively clear. 

Fic. 2. Seven weeks later. In spite of the resting of the lung by pneumothorax, there has 
been an enlargement of the cavity and an extension of the process into the lower lobe. The 
sputum has remained positive, which accounts for the extension. This case requires further 
efforts at collapse therapy. It also illustrates the fact that it is not lung rest but rather lung 
compression and a negative sputum which is the criterion of successful treatment. 


with multilocular cavities; her sputum contained many bacilli. Collapse of 
the left lung by pneumothorax had failed because of obliterative pleuritis. 

X-ray examination of October 29, 1931, demonstrated an extensive tuber- 
culous lesion involving the whole left lung, with the trachea and mediastinum 
pulled into the left thorax and a sharp rise of the left diaphragm. There was 
narrowing of the intercostal spaces throughout the whole left thorax. 

A paravertebral thorocoplasty was performed in two stages by Dr. Coryllos, 
the first on November 8, 1931, and the second on December 12, 1931. Figure 
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CASEOUS-PNEUMONIC TYPE 
Case 6 


Fic. 1. This case demonstrates the end-result of a caseous-pneumonic process in both 
apices with cavity-formation. As a result of the positive sputum there has been an acinous- 
productive spread downward through both lung fields. The anterior-posterior X-ray shows 
the multiple cavities at the apices with the dissemination in the lower lung-fields. 

Fic. 2. This is a posterior-anterior view taken the same time as fig. 1. Note the definite 
apical cavities. 

Fic. 3. The problem in this case is the compression of the cavities in order to obtain a 
negative sputum. Because of the bilateral nature of the process, pneumothorax was not 
considered. Bilateral apicolysis was finally decided upon. The above film was taken after 
this operation had been performed on the right side. we! 

Fic. 4. This shows the completed bilateral apicolysis. The sputum has diminished from 
two to three ounces a day to a half-ounce to one ounce. The bacilli, instead of being very 
numerous in the sputum, are now usually absent. Occasionally the sputum is still positive. 
Although too early to determine the success of surgery, this case demonstrates the necessity of 
attempting by some mechanical means to alter the end-result of a caseous-pneumonic tuber- 
culosis, so that a positive is transformed into a negative sputum. 
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CASEOUS-PNEUMONIC TYPE 
Case 7 


Fic. 1. This case is that of a young woman who has the end-result of a caseous-pneumonic 
lesion of the left lung. Sputum was markedly positive. Note on the X-ray the cavity- 
formation and the distortion of the thorax with the retraction of the trachea and mediastinum, 
the narrowing of the intercostal spaces, and the elevation of the diaphragm. 

Fic. 2. In an attempt to correct the bad mechanical end-result with its positive sputum, 
pneumothorax was tried. Because of an adhesive pleuritis no air could be introduced. Ac- 
cordingly, thoracoplasty was carried out. The above X-ray, taken 82 days after the second 
stage, shows the completed collapse. The sputum has been markedly diminished and is now 
persistently negative. This case is a striking demonstration of the value of surgery in this 
type of tuberculosis. From an individual, with a hopeless outlook because of the positive 
sputum, she has been transformed into a person who may reasonably have a normal ex- 
pectancy of life. The treatment has been successful, for the sputum is now negative. 


Case 8 


Fic. 1. This case demonstrates the end-result of a caseous-pneumonic tuberculosis at 
the right apex with a retraction of the trachea to that side. There has been an extension 
outward of a similar type of process into the left lung. The sputum was positive for tubercle 
bacilli. 

Fic. 2. Assuming that the source of infection was in the right upper lobe, and reasoning 
that the cavities, which were superficial, could be compressed by apicolysis, it was decided to 
perform this operation on the right side. Later, pneumothorax was to be done on the left. 
These steps were carried out as shown in the above X-ray. The sputum is now negative. 

This case shows the result that may be obtained by a logical interpretation of the process 
and a rational aim in therapy. The problem at the present time is a mechanical one, and 
requires careful consideration of the various mechanical and physiological factors involved. 
It is only by such reasoning that one can hope to alter by any surgery the outlook of this 
type of case. And it is only by such compression therapy that one can hope to reach that 
goal toward which our therapy should always strive,—a sputum that is bacilli free. 
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2 isan X-ray, taken April 4, 1931, eighty-two days after the date of the second- 
stage operation. The general condition of the patient is improved. There 
has been little expectoration, with this little negative for tubercle bacilli. 
This is an excellent example of the importance of surgery changing the prog- 
nosis from a very poor to a most favorable one. 


Case 8: A young woman, white, age 20, was admitted to Metropolitan Hospital, 
October 28, 1930. She had been ill for two years. Her illness started with 
haemoptysis. During this period she had been in various institutions and at 
home. On admission, October 28, 1930, there was evidence of a caseous- 
pneumonic process in the right upper lobe, the trachea being pulled toward 
that side, and more extensive infiltration of the same character in the left 
lung. Her sputum was positive for tubercle bacilli. 

It was our impression that the source of infection was from the caseous- 
pneumonic process in the right upper lobe, with subsequent superinfection 
into the left lung. It was therefore decided to attempt to close off the cavity 
in the right upper lobe by an apicolysis, which was chosen because the process 
was close to the apex of the upper lobe and only a small portion of the right 
lung was involved. If successful, the right lung could carry the burden of 
oxygenation of the blood, and an attempt could be made to collapse the left 
lung by pneumothorax. 

Apicolysis was done by Dr. Coryllos, November 21, 1931, using a paraffin 
tampon. Two weeks later the left lung was collapsed by pneumothorax. 
Figure 2 demonstrates an apicolysis (paraffin pack) on the right side and a 
collapse of the left lung by pneumothorax. The patient has done exceptionally 
well, having slight cough and very little expectoration. Her sputum has been 
negative. This is an example of a bilateral form of tuberculosis in which the 
prognosis was very poor and in which operative procedure changed the poor 
prognosis to a favorable one. 


SUMMARY 


The question of the treatment of the acute forms of tuberculosis has 
been discussed. It is maintained that the exudative and exudative- 
productive forms clear spontaneously provided there is no reinfection. 
No interference istherefore theindication. The caseous-pneumonic form, 
on the other hand, leaves a bad mechanical end-result, which at present 
can be combated only by the mechanical method of compression therapy. 
Artificial pneumothorax, thoracoplasty and apicolysis are the methods 
employed. The index of success is the disappearance of tubercle bacilli 
from the sputum. Phrenic neurectomy is useless. Some results of 
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therapeutic attempts at the Seaview and Metropolitan Hospitals are 
cited. 
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TUBERCULOSIS AMONG PUPILS OF A CANADIAN 
SCHOOL FOR INDIANS! 


LALL G. MONTGOMERY 


This study is based on a group of 147 students of the Manitoba Indus- 
trial School for Indian children at Brandon, ranging in age from four to 
twenty-four years, although by far the greater number is of the usual age 
of students in public school and high school. They can be distinguished 
from the ordinary group of students of these ages by several outstanding 
characteristics. They were all born on Indian reservations. This sin- 
gle fact places them all in a definite category, for it is known that, with 
insignificant exceptions, they all have been exposed to massive and widely 
open pulmonary tuberculosis. Again, due to the position of the school 
with reference to their reserves, few of the students return to their homes 
in the course of their school years, and, if they do, it is for a short time in 
the summer when they are out-of-doors most of the time. Thus, within 
limits, these students, after gross exposure have been removed from all 
sources of gross infection while quite young, and have not been heavily 
reinfected during their school residence. 

The school itself is an up-to-date institution, which has only recently 
been erected to take the place of older buildings. The work carried out 
is adapted to the needs of the students, and, besides ordinary public 
and high school subjects, farm work and home economics are included. 
The routine is practically that of a preventorium, and is ideal for stu- 
dents of this type. Thus the advantage was felt of having the material 
in uniform and carefully controlled surroundings. 

The children were examined according to the ordinary routine of a 
clinic. A satisfactory history was not obtainable in most cases, partly 
because of the natural taciturnity of the Indian and partly because most 
students were so young when they left home that they had forgotten their 
antecedents, but it was inferred, from well-authenticated sources, and from 
previous work on reserves, that they had practically all been exposed to 
tuberculous infection. Physical examination was as thorough as time 


1 From the Mayo Clinic, Rochester, Minnesota. This work was done while the author 
was a member of Staff of the Manitoba Sanatorium, Ninette, Manitoba, Canada. 
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and opportunity permitted, and included examination of the head and 
neck, with special attention to the upper part of the respiratory tract, 
and thorough examination of the thorax. In addition, the temperature, 
weight and height were noted. Intracutaneous tests were done in all 
cases, and readings were made at intervals of twenty-four, forty-eight 
and seventy-two hours. The first test was carried out with 0.01 mgm. 
of Old Tuberculin, diluted to 0.1 cc. All doubtful or negative reactors 
were tested again, using 0.1 mgm., and, if any failed to react definitely 
to this amount, the test was repeated, using 1 mgm. Readings were 
recorded according to the standard used by McPhedran (5), ranging 
from 1 to 4+, according to the diameter of the primary areola. Roent- 
genograms of the thorax were taken with a portable Victor unit, and in- 
cluded a single posteroanterior view and a single left oblique view, taken 
by means of McPhedran’s (5) technique as to position. Following the 
reading of these films, in any cases in which it was thought necessary 
roentgenograms were repeated, varying the technique to suit the re- 
quirements. In the interpretation of the plates McPhedran’s classifica- 
tion was used as far as possible. In general clinics where tuberculosis 
of children and young adults has been found, this method of reading has 
always been used and it has been found most satisfactory. 

As a background for this study, other sources have been consulted. 
A similar, although slightly less exhaustive study, was made of 165 pupils 
in another Indian school. Here no tuberculin tests were done, and no 
oblique roentgenograms were taken, although posteroanterior films 
were made in all cases. The living conditions were different, for most 
of the pupils, although fairly well isolated in boarding school, were actu- 
ally on the reserve, and so in some contact with the disease present there. 
Further, this study was supplemented in the light of about 5,000 to 6,000 
examinations of school-children made on traveling clinics, and a smaller 
number of children who were patients in the sanatorium. 

This study differs in many respects from the fine study by Ferguson. 
His work was of a more exhaustive nature, but the type of Indian with 
which he worked differed considerably from that of this series. The 
Indians of his study were more recently infected, and therefore their dis- 
ease followed a more distinctly epidemic course than that of Indians who 
had been subject to infection for a longer time. Ferguson’s Indians were 
on their reserves and under the adverse conditions which that presup- 
poses, while those studied in the present case were in an up-to-date and 
well-regulated Indian industrial school. Again, this group was com- 
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posed almost entirely of children, whereas Ferguson’s was composed of 
the population in general. 

It was expected that considerable evidence of disease, both past and 
present, would be found in the subjects of this inquiry, but from outward 
appearances this would have seemed unlikely. The pupils gave the 
general impression of being especially well nourished, and so they were, 
for the average weight for the school was 106 per cent of the average for 
the corresponding age and height. Good hours, plenty of plain and 
wholesome food, and freedom from infection and from poor hygienic 
surroundings, had resulted in these pupils, who at home would be sub- 
ject to all manner of ills and who would stand only a moderate chance of 
surviving beyond childhood, apparently all being in the best of health. 
It is probably a safe criterion, but not an authenticated fact, that a puny, 
undernourished, sickly child is likely to be tuberculous. Laboring under 
this false idea, more than 80 per cent of cases of tuberculosis in childhood 
would not be detected, and, if examination were delayed until the tu- 
berculous child showed external evidence of the disease, it would be found 
that the usual good prognosis would be seriously compromised. An un- 
dernourished child, exposed to tuberculosis, stands a much greater chance 
of breaking down with the disease, just as the same child, or even adult, 
is much more likely to catch a “cold,” or rheumatism, or scarlet fever. 
Of all the tuberculous children encountered here and elsewhere, there 
has been only a small number, except the grossly diseased, that has given 
general signs of illness. 

Search for those having signs or symptoms of tuberculosis was equally 
unavailing. Of the 147 pupils examined, there were only fifteen who 
had any symptoms whatever, and these were nearly all caused by acute 
respiratory infection. 

On physical examination, disclosures again accorded with expecta- 
tions. There are few of the typical tuberculous lesions of childhood, 
which give evidence of their presence by signs which may be detected. 
Examinations of the thorax (excluding roentgenograms) were negative 
in the majority of cases in this series, and those pupils who did have signs 
were also those who gave evidence of gross disease. One of these sub- 
jects was under treatment for pleurisy with effusion of one side, and had 
active disease on the opposite side. Another had an extensive lesion in 
the right hilar region, which was breaking down. A third had the adult 
type of disease scattered in both apices; a fourth had a large actively 
progressive wedge of tuberculous consolidation in the left apex (figure 
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1); and a fifth a typical, unhealed primary nodule in the right base. The 
remainder of those who gave evidence of disease gave no sign to the 
examiner. True, much has been said and written about the extraordi- 
nary signs found in this disease, but none of them has stood the test of 
time, and anyone who essays to make a diagnosis of tuberculosis in chil- 
dren on such basis as the mythical D’Espine’s sign, or by analysis of irreg- 
ularities in breath-sounds, is courting severe criticism. 

Tuberculous infection, as indicated by calcium laid down in the tra- 
cheobronchial lymph nodes, was found to be present in a large majority 
of the cases (figure 2). Calcium is often difficult to see if it is small in 
amount, and vascular markings may often simulate calcified regions in 
the lung and “root shadows.” In order to eliminate, as far as possible, 
this factor of error, a rule was made that no doubtful shadows should be 
interpreted as evidence of calcium, unlezs the evidence was borne out 
by the oblique roentgenograms. Then, to act as an additional control, 
the cases were divided into two groups according to other evidence of 
infection. Among all students of the school, there were 105 (71.4 per 
cent) whose roentgenograms gave evidence of calcium in a greater or less 
amount. Of these, ten gave no additional evidence of infection, leaving 
ninety-five (64.6 per cent), whose lesions were definite. Tuberculin tests 
were positive in 125 cases (85 per cent), but in nine of these there was no 
evidence of calcification, leaving 116 (78.8 per cent), in which the tubercu- 
lin tests and roentgenograms agreed as to previous infection. 

Healed primary lesions of the Ghon type were found in seventy-four 
(50 per cent); thirty-five of the lesions were multiple. But for oblique 
views, thirteen of the seventy-four (17 per cent) would have been over- 
looked. Oblique views then could be said to have added to efficiency by 
13 per cent. Associated calcification of adjacent tracheal or bronchial 
nodes was noted in all but one case in which there were primary lesions. 
In his original monograph on the subject of the primary complex (figure 
3), Ghon noted that primary lesions were just as likely to be in one part 
of the lung as another. However, findings in this series, which agree 
with the general impression derived from previous experience, are to the 
effect that primary lesions are basal much more frequently than apical, 
and that, by and large, the lesions become more prevalent as one ex- 
amines progressively from apex to base. This phenomenon may be more 
apparent than real, for the shape of the thorax and the position of the 
bony framework are such that there is a considerably larger portion of 
pulmonary tissue as one examines downward, and more of this is visible 
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on the film, both on account of mass and of accessibility to vision. It 
was found, too, that three times as many primary lesions were discovered 
on the right as co. the left. This agreed with the findings of other work- 
ers, but here again the anatomical structure would seem to be a definite 
factor. First, the heart obliterates a large part of the left basal field, 
and, second, the left oblique view, which was used, adds little possibility 
of detecting primary lesions in the left lung, due to the spine and ribs 
being superimposed, while it adds considerably to the information gained 
concerning the right lung. The only definite method of allocating this 
type of lesion is the performance of a postmortem examination of the 
lungs, and the taking of roentgenograms of the removed lungs as guides 
to the markings. This work has been carried out extensively by Mc- 
Phedran, and has been productive of the most exhaustive knowledge that 


Fic. 1. Girl, aged thirteen years, four years in school. a: Right side; normal. Left 
side; consolidation of whole apex, with slight infiltration extending out from the root into the 
hilar region. There was dulness of the upper third on the left side, with a few scattered 
rales over the upper half. The tuberculin reaction was positive, 1+ to 0.01 mgm. Weight 
was 88 per cent of normal. Temperature was normal. There were no symptoms. 6b: 
Twelve days later. There has been extension of the hilar infiltration in the left lung although 
the patient’s general health remained unchanged. 

Fic. 2. Girl, aged seventeen years, one year in school. a: Small calcified nodules scat- 
tered through both lungs. Masses of calcified nodes in both roots. Physical examination 
was negative. Tuberculin reaction was positive, 3+ to 0.01 mgm. Weight was 105 per 
cent of normal. Temperature was normal. There were no symptoms. 6: Left oblique 
view. There is a very large node at the bifurcation of the trachea. 

Fic. 3. Boy, aged five years, examined because of contact with a sister who had died of 
tuberculosis. a: Right side; infiltration of primary or initial type extending out from the root, 
which is enlarged. Left side; normal. This is a good example of an active “primary com- 
plex.” Physical examination negative. There were no symptoms. 0}: Three years later. 
There is a calcified nodule in the base of the right lung corresponding to the infiltration seen 
in the previous roentgenogram. This is a typical healed “primary complex.” There is calci- 
fication of the adjacent hilar lymph node. 


has been gained so far. The following is an analysis of the primary foci 
found in this study: In the right lung, 11 primary lesions were in the 
apex; 29 in the hilum, and 43 in the base. In the left lung 6 primary 
lesions were in the apex, 6 in the hilum, and 9 in the base. 

Pleural abnormalities were found to be present in 70 cases (47.6 per 
cent). These figures are based on the findings of costodiaphragmatic 
adhesions or irregular diaphragms and interlobar lines. An interesting 
feature of the roentgenograms was the large number of interlobar lines 
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which was found in those cases in which the diaphragms were adherent. 
Table 1 contains the results of analysis of the findings. 

An interlobar line may often be only an anatomical accident, due to 
the rays passing through the pleura of the interlobar fissure in a horizon- 
tal manner, but it seems obvious that if this portion of the pleura is 
thickened by previous inflammation there will be a much greater possi- 
bility of its being visualized in the roentgenogram. These figures would 
suggest at least that pleurisy is a fairly frequent finding in this type of 
case. Of those in which such evidence of previous pleurisy as adherent 
diaphragms and interlobar lines was found, there were only 9 cases in 
which there was no other evidence of infection. There was one case of 
active pleurisy with effusion, in which there was also an active paren- 
chymatous lesion and one case in which there was a large calcified plaque, 


TABLE 1 


Pleural abnormalities 


ABNORMALITY 


Pleural adhesions*. . . a ...| 70 (47.6 per cent of 147) 

| 28 (66 per cent of forty-three) 

Double 15 (34 per cent of forty-three) 

Diaphragms adherent... . ........| 18 (40 per cent of forty-five) 


* Of those in which there were pleural adhesions, other evidence of infection was found in 


sixty-one (87.1 per cent). 


about 5 cm. in diameter, in the pleura of the left lung. In several other 
cases, primary lesions lay on the line of the interlobar fissure. 

Excluding cases in which there were calcified primary lesions there were 
20 cases in which it was considered that there was healed or active par- 
enchymatous disease, and five in which such disease was suspected. 
They were easily placed in the usual type-groups of childhood tubercu- 
losis. In a series of this kind one would expect to find a higher percent- 
age of the adult type of disease, especially when it is noted that so many 
of the subjects had had an initial infection, as indicated by tuberculin 
reactions, roentgenograms, and deduction from histories. However, 
there was only one case of the reinfection or adult type. Oblique roent- 
genograms were made in all cases, and were compared with the single 
posteroanterior view for readings. In 3 cases (2 per cent) of 147, the 
posteroanterior film was negative, whereas definite information was 
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Fic. 4. Boy, aged twelve years, one year in school. a: Both roots denser than normal; 
otherwise clear. Physical examination negative. Tuberculin reaction was positive, 2+ to 
0.01 mgm. The weight was 102 per cent of normal. Temperature was normal. There were 
no symptoms. 0b: Left oblique view. There are calcified tracheal lymph nodes and a large 
calcified lymph node at the bifurcation of the trachea which were not detected in the postero- 


anterior view. 

Fic. 5. Boy, aged eleven years, one year in school. a: Slight bulging of the right side of 
the superior mediastinum, which suggests possible enlargement of one of the tracheal lymph 
nodes. Both lungs “dirty” but there are no significant abnormalities. Physical examina- 
tion negative. The tuberculin reaction was positive, 3+ to 0.01 mgm. Weight was 94 per 
cent of normal. Temperature was normal. There were no symptoms. 0b: Left oblique 
view. There isa large, partially calcified tracheal lymph node in the superior mediastinum 
which verifies the suggestion noted in the posteroanterior view. There is also a large lymph 
node at the bifurcation of the trachea which could not be seen in the posteroanterior film. 
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gained from the oblique one (figure 4). In 10 cases (7 per cent), more 
information was gained from the oblique roentgenogram than from the 
posteroanterior one, whereas in 24 cases (16 per cent), as much was gained 
from one as the other; in forty-nine (33 per cent), additional information 
was gained by use of the oblique roentgenogram. Judging from these 
figures, as well as from other experience in reading plates, it was thought 
the case well made for use, as a routine, of oblique roentgenograms. 
Also, in a large number of cases, findings derived from the posteroanterior 
views were open to doubt but were verified by the oblique view (figure 5). 
The most important of these findings is that of calcium in the root of the 
lung. Here, as McPhedran (5) pointed out, there are many large blood- 
vessels, which, when placed axially in the direction of incidence of the 
rays, will cast a shadow which is practically indistinguishable from that of 
a calcified node; on the other hand, these can be easily recognized when 
an oblique plate is taken, for the shadow of the blood-vessel will have 
assumed its normal density, whereas that of the calcified node will not 
change. Another favorable feature of the oblique view is that it gives a 
much more definite conception of the position in the lung of the various 
shadows, and, when a lesion of any kind is present, an oblique film will 
define its extent in three dimensions. Also, the fluctuant type of lesion 
will frequently show its variations when the roentgenogram is taken in 
an oblique direction, before it is evident in the usual posteroanterior film. 

Next to the roentgenogram, the most important source of information 
concerning tuberculosis in childhood is the tuberculin reaction. This test 
gives an accurate indication of tuberculous infection, past or present. 
Its quantitative interpretation has been mentioned in several papers 
within recent months, and material has been shown to prove that, within 
certain well-defined limits, type of lesion and severity of infection can 
be deduced by the type of reaction to various dilutions of tuberculin. 
Such was not the experience in this small series, for in few cases were 
tuberculin tests in accord with the roentgenographic or clinical findings 
as regards activity of the lesions. However, accuracy of the tuberculin 
reaction in detection of infection seems definite. In the whole school, 
85 per cent of the pupils reacted to the test. All pupils who were more 
than fourteen years of age reacted, and the graph of incidence under that 
age followed roughly the contour of the type of graph corresponding to 
other situations, although the whole graph was between 30 and 40 per 
cent higher than one recently published by Dickey and Seitz showing the 
incidence of positive tuberculin reactions among school-children of San 
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Francisco. On the other hand, the incidence of positive tuberculin tests 
in this series closely approximates that found by Ferguson in his study 
(chart 1). 

By reading the reactions twenty-four, forty-eight and seventy-two 
hours after injection it was possible to make some interesting observa- 
tions. Of the 81 pupils who reacted positively to 0.01 mgm. of Old 
Tuberculin at forty-eight hours, only 68 gave positive tests at twenty- 
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Cuart 1. The incidence of positive tuberculin tests: a: Present series of 145 Indian chil- 
dren. 6: Thirty-five hundred San Francisco children. c: Approximate graph from data in 
Ferguson’s paper. 


four hours, and only 71 at seventy-two hours. When 0.1 mgm. was used, 
there was less discrepancy among the readings made at different intervals, 
and, when 1 mgm. was used, the readings were the same at the three in- 
tervals. Thus, the element of time is apparently less important the 
larger the dose of tuberculin, and if a weak dilution is used it is best to 
read the reactions forty-eight hours after administration. 


The use of three strengths of tuberculin was valuable. If only one 
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strength had been used, 0.01 mgm. would have been chosen, for it would 
have been feared, in the presence of such general and massive infection, 
that some severe reactions might have been encountered, and it would 
have been considered likely that there would be few who would not 
react to the weakest dose. The findings were otherwise, for only 55.7 
per cent reacted to the dose of 0.01 mgm., whereas an additional 25.8 per 
cent reacted to the 0.1 mgm. and still an additional 3.4 per cent reacted 
tolmgm. Thus, 29.2 per cent would have been missed if only the weak 
dose had been used, whereas there were only 5 pupils (3.4 per cent), who 
failed to react to0.1 mgm. Of these five, one could have been excluded, 
for he was apparently given 1 mgm. instead of 0.1 mgm., and it is likely 
that he would have reacted to 0.1 mgm. The remaining four all gave 
evidence of healed primary complexes; therefore, their reactivity may 
have been at a low ebb following complete healing of the lesions. In no 
case was there any evidence of general reactions, even among the chil- 
dren with active lesions, and there was only one case in which the necro- 
sis found in the most marked type of local reaction developed. The 
average weight of the pupils in the school was 105 per cent of the normal 
weight for them, whereas that of the negative reactors was 106.3 per 
cent of normal for them. The average age of the pupils in the school 
was thirteen years, whereas that of the negative reactors was nine and 
seven-tenths years. Of the twenty-two who did not react there were 
nine who had healed primary lesions, primary complexes, or other evi- 
dence of disease, whereas the remaining thirteen were negative to both 
tuberculin tests and roentgenological examination. To make this clearer, 
there were 71.4 per cent who gave evidence of tuberculous infection in 
roentgenograms, whereas there were 85 per cent who reacted to tubercu- 
lin; this is a fairly uniform result when one considers how difficult it is 
to detect many of the primary lesions. It was in connection with the 
detection of these minimal evidences of disease that oblique views were 
especially useful. 

Results of general physical examination were much of the kind found 
in the average rural clinic. There were, possibly, a few more dirty teeth, 
a few more cases of adolescent enlargement of the thyroid gland and a 
few more eczematous skins than one would find in a group of white chil- 
dren of the same size, but the total number of physical defects was al- 
most exactly the same as for general clinics, or 77 defects to 100 pupils. 
The prevalence of slight enlargement of the thyroid gland was as notice- 
able as any defect, and this had also been observed among the children 
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examined at the other Indian school. In the present series, 26 thyroid 
glands were palpably enlarged, whereas in the previous group there were 
twenty. 

Carious teeth was another prevalent fault. On the whole, one might 
say that there were more poorly kept teeth, but more sound teeth, than 
in an equal number of white children. Caries was not outstanding, 
whereas tartar and general dirtiness was the rule. It would seem that an 
Indian’s teeth will stand more abuse than a white person’s teeth, and 
that, on the average, they get more abuse; so that results are about the 
same. 

There were surprisingly few cases of lymph-node tuberculosis. Of the 
ten pupils who gave evidence of scrofula, only three had active lesions 
at the time of examination; the others had scars dating back to early 
childhood. 


TABLE 2 
Comparison of McPhedran’s series with series employed in this study 


PER CENT 


TYPE OF TUBERCULOSIS 
McPhedran This study 
(white students) (Indian students) 


Active pulmonary 0.5 3.4 
Latent pulmonary 1.0 6.8 
Latent foci 10.0 50.0 


There were three cases of cardiac disease, in one of which the process 
was actively rheumatic at the time of examination. 

The conditions of the tonsils practically accorded with the average 
found in general clinics, with remarkable absence of adenoid enlarge- 
ment. There were only 3 children in the group who bore stigmata of 
adenoid facies. There were sixteen whose tonsils were septic. 

Cutaneous lesions were more common than one would expect. Most 
noticeable in this regard was the eczematoid type of skin. Eleven stu- 
dents had cutaneous lesions of one kind or another, and five of these had 
facial impetigo. 

Comparison of the results of study of this series with those of Mc- 
Phedran in his study of school-children in Philadelphia was interesting. 
In a series of several thousand cases, he found 0.5 per cent of students 
who had active pulmonary tuberculosis, 1 per cent who had latent tu- 
berculosis, and 10 per cent who had latent foci of tuberculous infection. 
In this series 3.4 per cent had active pulmonary tuberculosis, 6.8 per cent 
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had latent tuberculosis, and 50 per cent had latent foci. A tabular com- 
parison will be more striking (table 2). 

These figures are about as representative as any of the disclosures of 
this study. It is known that the Indian students are exposed to much 
greater infection than any similar number of white students. it is 
natural, therefore, that they would show more evidence of infection, and 
from any standpoint it can be said that tuberculosis is much more prev- 
alent among Indian students than among white students. On the other 
hand, the lesions found were similar in every way to those found in other 
localities, and, as far as my experience goes, the reaction of Indian 
students to the disease presents no peculiarities which would distinguish 
it from that of other races, although the type of tuberculosis seen among 
negro children is often distinctive. If left on the reserve, there is no 
doubt that many of the children would, sooner or Jater, have given evi- 
dence of active disease, for even in ideal surroundings, and after being freed 
from infection for years, several gave evidence of what seemed new and 
active disease. McPhedran (6) wrote that in seven years of observation 
he had not found it safe to suspend supervision of contacts. Jessel sug- 
gested three and a half years as the average period of observation, and 
it is common knowledge that intervals of this length are frequently found 
between cessation of contact and appearance of a lesion. The present 
results bear this out, for the three pupils with most active disease had 
been in the school for four, seven and eight years, respectively. When 
this survey was undertaken it was hoped that removal of the subjects 
from sources of infection, together with marked improvement in general 
hygienic conditions, would have lowered the morbidity due to tubercu- 
losis. In this regard it is interesting to find that the pupils who gave 
evidence of healed disease had made an average stay in the school of 
five and a half years, as compared to three and eight-tenths years, which 
was the general average; this may be evidence that removal from con- 
tact was beneficial in a large percentage of cases. 

Further study of this group of pupils will be as interesting and valuable 
as the preliminary survey. 


CONCLUSIONS 


From this study of 147 Indian pupils, and with the other studies men- 
tioned as a background, one might reach the following tentative conclu- 
sions: 
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1. Tuberculous infection is much more common among Indian stu- 
dents than among white students. 

2. Removal from contact should not be considered an indication for 
cessation of supervision of a student, for intervals of seven and eight 
years have been observed between removal from contact and appearance 
of a lesion. 

3. The tuberculin reaction is the best single means of detecting tubercu- 
lous infection. The most useful dilution for the intracutaneous test 
was found to be that which contained 0.1 mgm. of Old Tuberculin, and 
the best time for reading the reaction was found to be forty-eight hours 
after administration. 

4. The roentgenogram is the most important part of the examination 
for pulmonary tuberculosis. It is made much more valuable by the 
use of oblique views in addition to those more generally used. 

5. It is a mistake to depend on symptoms and signs for the diagnosis 
of tuberculous infection or disease in children, and the general appearance 
and condition of the child are no criteria of the presence or activity of 
lesions. 


6. The finding of interlobar lines in the roentgenogram is often an 
indication of previous pleurisy. 
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THE EXAMINATION OF THE SCHOOL-CHILD FOR 
TUBERCULOSIS IN A RURAL COMMUNITY 


D. R. HASTINGS! 


In the Spring of 1926 Glen Lake Sanatorium inaugurated a study to 
determine the effect of tuberculous infection in children typical of a 
community, to discover the sources of infection in positive reactors by 
means of follow-up work, and to watch the evolution of tuberculosis. 
The original plan was to offer the children of Hopkins School, a rural 
Hennepin County school of about one thousand children, a physical 
examination, tuberculin test, and X-ray of the chest. Our conclusions 
were to be drawn from the analysis of the results obtained. 

The Hennepin County Nurses Association codperated with the Glen 
Lake Sanatorium Out-Patient Department in conducting these examina- 
tions, and the work was carried out under the direction of Dr. E. S. 
Mariette, Superintendent of Glen Lake Sanatorium, and Dr. H. S. Bo- 
quist, at that time Director of the Out-Patient Department. Members 
of the medical staff of the Sanatorium and volunteer physicians from 
Minneapolis examined the children until 1927, at which time the Henne- 
pin County Tuberculosis Association joined in the work. With the aid 
of this Association we were able to pay the physicians for their services. 

In a consultation with Dr. Krause some time after the project was 
begun it was decided that by repeating the examinations every three 
years instead of annually as outlined in the original plan practically the 
same results would be secured. It was also decided that routine X-rays 
were to be taken only of the children with positive reactions to the tuber- 
culin test and those with abnormal chest findings on physical examination. 

Interest in the project grew rapidly among the schools, and in 1927 
several others asked to be included in the survey; whereupon plans were 
laid for the examination of all of the schools in rural Hennepin County 
upon their request. At this time we have completed the initial examina- 
tions in all of the schools and are on the first re-check. 

Our work must necessarily consist of three parts: educational, medi- 
cal, and follow-up. 


1 Glen Lake Sanatorium Out-Patient Department, Minneapolis, Minnesota. 
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The Hennepin County Tuberculosis Association in large part takes 
care of the educational phase of the work. It makes arrangements for 
physicians to give talks explaining the work at the meetings of the 
Parent-Teacher Association and civic organizations, and it codperates 
with the superintendent, principal, and teachers of the school in arousing 
enthusiasm and stimulating interest in the project. Just prior to the 
time that the physician and nurse are ready to begin work in a school 
each child is given a history sheet which he is instructed to take home. 
This sheet explains the work and contains questions relative to the 
family history, the child’s previous health, and his habits. The signa- 
ture of the parent or guardian on this sheet when it is returned is the 
formal consent to our examination of his child. 

The nurse prepares the children for the examination, and weighs and 
measures each child, takes his temperature, pulse and haemoglobin, and 
gives him hearing and vision tests. The physician examines the ears, 
eyes, nose, throat, chest and heart, and grades the posture. Urine con- 
tainers, together with complete instructions, are given to the children, 
and the urinalysis is done at the Sanatorium. One of the Sanatorium 
physicians, with the assistance of the nurse, gives the tuberculin test, 
and forty-eight hours later reads it. 

The report of each child’s examination is mailed to the parents. If the 
name of the family physician has been filled in on the history sheet, a 
report is also sent to him. Children are always referred to their physi- 
cians, if they have one, for the treatment of any defects found. If they 
have no physician and it is felt that they should be under medical obser- 
vation because of chest findings and are financially able to pay a doctor, 
it is suggested that they employ one. If, however, they are financially 
unable to pay a private physician and do not have one, they are told of 
the Out-Patient-Department clinics. Also, a list of each child’s present 
weight, average weight, defects, haemoglobin, and tuberculin test is 
sent to the person in charge of the school and the County Nurses. They 
do much toward prompting the correction of defects found in the ex- 
amination. 

An attempt is made to X-ray all of the children who have had positive 
reactions to the tuberculin test. The Out-Patient-Department nurse 
visits the parents of these children and secures their consent to the X-ray. 
In this visit she tries to determine the source of the child’s infection, and 
if the tuberculous person is living she learns whether or not he is under 
medical observation. She also observes the family’s economic condi- 
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tion and details of the home, such as cleanliness, etc. In each case both 
parents and children are urged to report to their physicians for check- 
ups. In instances in which they have none, and financially are unable 
to have a doctor, they are informed of the free chest clinics conducted 
by the Sanatorium. 

The report of the X-ray is mailed to the private physician and the 
county nurse, and a letter is sent to the parents advising them of the 
abnormalities found and requesting that-they consult their family physi- 
cian about them. If a diagnosis of tuberculosis, either pulmonary, ex- 
trapulmonary or childhood manifest is made, the child is referred to its 
physician if it has one. If it has no physician but is financially able to 
employ one, the child is told to do so. However, if it has no physician 
and is financially unable to employ one, it is referred to the Out-Patient- 
Department clinic for recommendation and observation. Those diag- 
nosed childhood tuberculosis observation are X-rayed yearly. Chil- 
dren with a negative diagnosis are not followed by X-ray. 

An attempt is made to watch these X-rays very carefully. When, 
according to the records, it is time for a child to be re-rayed, a letter and 
request for the X-ray are sent to the parents. The County Nurse is also 
notified, and she will take the child for the X-ray if it has no other means 
of transportation. Then, too, if no response is secured from the notice 
to the parents, she calls upon them to determine the reason and, if 
possible, she takes the child to be re-rayed. 

From April, 1926, to January 1, 1930, examinations had been com- 
pleted in all of the schools in Hennepin County outside of the City of 
Minneapolis with the exception of Edina School, which was examined 
in the Fall of 1930. The first re-check examinations were begun in 
January, 1930. Figures on the work have been compiled up to January 
1, 1932. 

The schools examined varied in enrollment from 3 to 1,238. The 
children examined had come mostly from farming communities, and their 
age-range was from five to twenty years. The total number enrolled 
in the schools at the time of the first examination was 10,264. Of this 
number 7,179 were examined, giving a percentage of 69.9. The per- 
centage examined in the individual schools varied from 14.3 to 100, and 
the greatest variation in percentage examined occurred in the one-room 
schools. 

The following are the findings that were considered as defects: 
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: Teeth: caries, malocclusion, old roots, gingivitis. 

: Tonsils: hypertrophied tonsils if removal was recommended by the exam- 
ining physician, pathological. 

: Cervical lymph nodes: enlarged, adenitis, visible, calcified. 

: Posture: a grade of C or D according to posture chart. 

: Haemoglobin: below 80 per cent. 

: Underweight: 10 per cent or more. 

: Nasopharynx: adenoids, injected nasopharynx. 

: Thyroid: colloid, myxoedema, palpable, enlarged. 

: Nose: chronic rhinitis, deviated septum, obstruction, spurs. 

: Eyes: aberration, blepharitis, choroiditis, conjunctivitis, myopia, hyper- 
opia, strabismus, squints, 20/40 or over-vision not properly corrected by 
glasses or a 20/30 vision if accompanied by complaint. 

: Chest: bronchitis, pleurisy, asthmatic breathing, constant rales, dulness, 
decreased expansion, impairment, increased breath-sounds, reduced 
breath-sounds, reduced resonance, roughened breath-sounds, lag, scapular 
atrophy. 

: Nutrition: poor nutrition, fair nutrition if rest and diet were recommended 
by examining physician. 

: Ears: impaired hearing, otitis, and retracted, scarred or thickened drums. 

: Skin: acne, dermatitis, eczema, erythema, herpes, hyperkeratosis, ich- 
thyosis, impetigo, melanoma, porosis, psoriasis, ringworm, scabies, tel- 
angiectasis, vitiligo, warts, moles if pigmented. 

15; Heart: systolic murmur, diastolic murmur, extrasystoles, mitral regurgi- 
tation, tachycardia, sinus arrhythmia. 

16: Overweight: 20 per cent or more. 

17: Spine: kyphosis, lordosis, scoliosis. 


Until recently no attempt has been made to tabulate the urinalysis 
reports; so they are not given here. 

The 7,179 examinations do not represent 7,179 individual children, 
for 69 children were examined twice during the first round because they 
had moved from one community in Hennepin County to another. Of the 
children examined in the first round 673, or 9.4 per cent, were found to 
be without defects. The other 6,506 children had various numbers of 
defects, ranging from 1 to 8. 

In the first round 5,881, or 81.9 per cent, of the children examined were 
tuberculin-tested, the Pirquet test being used. Of the children examined 
3.7 per cent were absent when the tests were done. Of the 5,881 tests 
done, 4,383, or 74.5 per cent, were negative; 904, or 15.4 per cent, were 
questionably positive; and 594, or 10.1 per cent, were positive. 
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In the first re-check of examinations 3,288 examinations out of an en- 
rollment of 4,782 had been made up to January 1, 1932. This gives a 
percentage of 68.8, which is approximately the same as in the first round. 
Up to January 1, 1932, a total of 10,467 examinations were done. In- 
cluded in this number are 9,048 individuals. Of the 9,048 children, 1,406 
have had two examinations, and 13 have had three examinations. 

Table 1 shows the results of the first examination of 9,048 individual 
children. Defects in teeth were found most often; tonsils, posture, lymph 
nodes, are very close together and came next in frequency, with the others 
following. 


TABLE 1 
Physical findings of school-children in rural Hennepin county 
First examination of all individuals (9,048) 
April, 1926—January, 1932 


PART OF BODY DEFECTIVE PER CENT 


43.2 
27.4 
26.7 
Cervical lymph nodes 26.3 
Haemoglobin 20.1 
Underweight 14.0 
12.0 
11.9 
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Of the 9,048 individuals examined, 7,544, or 83.4 per cent, were tuber- 
culin-tested at the time of their first examination. Some of the children 
were absent at the time the tests were given, others refused to take it, 
and a few tests were unsatisfactory and were not repeated. The Pir- 
quet was used up to September, 1930, and the intracutaneous test has 
been used since that date. Of the 7,544 tests done, 5,626, or 74.6 per 
cent, were negative; 1,142, or 15.1 per cent, were questionably positive; 
and 776, or 10.3 per cent, were positive. 
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While only 7,544 children were tuberculin tested at the time of their 
first examination, 7,841 individuals were tested in all. Of the 7,841 in- 
dividuals tested once or more, 911, or 11.6 per cent, had a positive reac- 
tion to one of their tests. Of these, 727, or 79.8 per cent, had been 
X-rayed at least once up to January 1,1932. Among thisnumber 45 were 


TABLE 2 
Tuberculous cases among school-children of rural Hennepin county 
Disposition made at time of examination 
April, 1926-January, 1932 


CHILDHOOD] PULMO- NON- 
TUBER- | NARY TU-| CLINICAL 
CULOSIS BERCU- TUBER- 

(MANIFEST)} LOSIS CULOSIS 


DISPOSAL 


Entered the Sanatorium 15 3 1 
Had been at Sanatorium previous to ex- 
amination 


Followed by clinics 
Under observation of private physician... . . 


Tuberculous cases among school-children of rural Hennepin county 
Disposition on January 1, 1932 


CHILDHOOD| PULMO- 
TUBER- | NARY TU- 
CULOSIS BERCU- 

(MANIFEST)} LOSIS 


DISPOSAL 


In the Sanatorium 

Followed by clinics 

Under observation of private physician... . . 
Uncoéperative 


found to have childhood tuberculosis, 5 pulmonary tuberculosis, 6 non- 
clinical tuberculosis, and 4 extrapulmonary tuberculosis. Table 2 shows 
the disposition made of these cases at the time of the examination, and 
table 3 shows the disposition on January 1, 1932. 

This is merely an outline of our plan, and a following article will set 
forth the analysis of our findings and determine the significance of the 
results. 


EXTRA- 
PULMO- 
NARY TU-| TOTAL 
BERCU- 
LosIS 
0 19 
2 13 
Sanatorium advised but refused........... 7 0 0 0 7 
5 2 3 1 11 
7 0 2 1 10 
TABLE 3 
EXTRA- 
CULOSIS 
5 3 0 0 8 
26 2 4 2 34 : 
12 0 2 2 16 
2 0 0 0 2 
| 


DISPENSARY EXAMINATION VERSUS SCHOOL EXAM- 
INATION IN DISCOVERING TUBERCULOSIS 
IN CHILDREN! 


EZRA BRIDGE anp A. M. STOKES? 


A comparison of the results, obtained in examining 11,296 children at 
their schools and those obtained by examining 2,458 school-children at 
the dispensary of the sanatorium to which they were brought because of 
contact with tuberculosis or of some symptoms suggesting ill health, 
shows a much higher percentage of tuberculosis in the dispensary group, 
and demonstrates the superiority of the dispensary examination as a 
method of case-finding. 

In each group our diagnosis depended principally upon the chest 
roentgenogram which is the means par excellence of demonstrating tuber- 
culosis in the lungs of children. The limitations of chest roentgenograms 
were appreciated throughout the work. 


CRITERIA 


The criteria used in reading these shadowgraphs were based upon 
studies during the past six years at Iola Sanatorium, including an inten- 
sive investigation from 1928 to 1930. This investigation, using repeated 
and graduated doses of Old Tuberculin controlled by two-hour rectal- 
temperature observations, local and focal reactions and differential blood 
counts, emphasized the fact that many abnormalities appearing in the 
radiograph of a child’s chest were not the result of tuberculosis. Briefly 
these criteria were: 


Calcium deposits in the parenchyma of the lung, in the regional lymph nodes 
or in both, were considered pathognomonic of tuberculosis which may be 
healed, healing, or active. 

Infiltrations or localized areas of fibrosis were considered suspicious always, 
and definite if they were situated at or near the periphery of the lung with in- 
volvement of the regional lymph nodes. 


1 Presented at the Annual Conference of State and Local Committees on Tuberculosis and 
Public Health, New York City, May 4, 1932. 
? Tola Sanatorium, Rochester, New York. 
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Calcification of the cervical lymph nodes and pleurisy with effusion were 
considered tuberculous. 

Diffuse abnormalities among the bronchogenic structures were considered 
nontuberculous unless proved otherwise. 

Criteria in making a roentgenographic interpretation of reinfection (adult 
type) do not need repetition here. 

A positive tuberculin reaction in the presence of a demonstrable pulmonary 
lesion does not make a diagnosis of tuberculosis of the lungs obligatory. In 
other words, the policy was to read no equivocal lesions as definite evidence of 
tuberculosis. The patient was always given the benefit of the doubt. This 
may account, in a measure at least, for the relatively low percentage of positive 
diagnoses as contrasted with reports of other surveys, but it also means that 
any positive diagnosis was made from generally accepted evidence. 


SCHOOL PROCEDURE 


Personnel, material, and equipment were supplied by Iola Sanato- 
rium, a county institution. 

History, physical examination, and tuberculin tests were secured only 
as a part of the subsequent investigation of those cases having abnormal 
chest findings. 

Tuberculin tests were omitted as a preliminary step for three reasons: 
to obtain a higher percentage of examinations than has been secured 
in other surveys, to have the study include reactors as well as nonreactors, 
and to complete the project as quickly as possible. 

The project was finished in eleven months, distributed through two 
years as fullows: March 4, 1930, to June 13, 1930, three months; Febru- 
ary 16, 1931, to May 29, 1931, three months; October 23, 1931, to March 
24, 1932, five months. 

The roentgenography was carried on by a group of four people, con- 
sisting of a supervising nurse, a technician, and two assistants, the last 
being sanatorium patients. The actual exposures were made by a port- 
able X-ray unit, the accessories consisting of 12 cassettes, a cassette- 
holder, and the necessary 14 x 17 films. The films were changed in an 
improvised dark-room. Two volunteer pupils carried cassettes and 
changed serial numbers. 

One hundred single exposures were considered a good morning’s work, 
that is, from 9 A.M. to 12m. The technique used was 10 m.a., 85 kvp, 
5 feet, 2 to 2} seconds. When finished, the group returned to the sana- 
torium. In the afternoon, the technician developed the films; the two 
patients returned to “the cure;” and the nurse investigated _cases found 
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the day before. The kvp was the variable factor in making the expo- 
sures. 

The films were interpreted the next day at the sanatorium. Any 
diagnosis made was recorded on the reverse side of the permission cards, 
which had been signed by the parents and which then served as an 
alphabetical file. A separate numerical file was kept in a loose-leaf 
notebook and opposite the proper number was written the diagnosis, 
which was a duplicate of the findings listed on the cards in the alpha- 
betical file. 

If no abnormality were noted in a film, a negative report on a form 
letter was sent to the parent. If an abnormality were noted, two letters 
were sent; one to the family physician and one to the parent. The letter 
to the physician acquainted him with the findings and stated that the 
responsibility of treatment was being transferred to him. The codpera- 
tion of the sanatorium was pledged specifically to the physician by offer- 
ing to obtain a history, physical examination, stereoscopic chest films, 
and laboratory work at the sanatorium; by offering either to keep the 
patient under observation or to admit him to the sanatorium; and by 
offering to hold a consultation in his office. The parent was notified 
that the radiograph revealed some abnormality and was requested to 
consult the physician. In cases in which there was no family physician, 
the sanatorium tacitly assumed the responsibility by advising further 
study at the dispensary or in Iola. 

The supervising nurse, always with the permission of the physician, 
investigated the abnormal cases. She obtained histories, names of con- 
tacts, gave and read intracutaneous tests, and transported the children 
to and from the dispensary at the sanatorium. 

When these data were collected the case was reviewed and the first 
diagnosis checked. If the diagnosis were tuberculosis, the patient was 
assigned to our regular dispensary register, considered as an outpatient, 
and followed by the regular dispensary staff, all with the approval of 
the family physician. 


SCHOOL COSTS 


Our cost figures are very liberal. No attempt has been made to deduct 
for days when no work was done because of difficult situations at the 
school or because of weather. 

Salaries: One-half the time of a nurse at $150 per month for eleven 
months ($825); full time of a technician at $75 ($825); two assistants 
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$4 per day ($880); half-time of a stenographer at $90 per month ($495). 
Total labor costs $3,025, or twenty-five cents a film. 

The materials cost $8,348.20; 68 cents for the film and 2 cents for 
processing. 

The total cost of labor and material was $11,373.20, or 95 cents per 
film. 

The capital investment was: car $640, X-ray machine $875, cassettes 
$588, hangers $100. Total $2,203. The car is serving our out-patient 
department and the X-ray equipment is in use at the sanatorium. 


SCHOOL EXAMINATIONS 


This survey of children was made in the rural schools of Monroe 
County, New York, by single chest roentgenograms. The children 
examined were from the first grade up to and including the fourth year 
of high-school. The total number, 11,926, represented 90 per cent of 
the total enrollment. All were supposedly healthy, none having symp- 
toms sufficient to arouse the suspicion of the pupil, parent or teacher. 

The results of this survey were: 

Ages and Sex: 
Years i Total 


per cent 

1- 5 341 728 (6.1) 
6-10 2875 5706 (47.8) 
11-15 2338 4736 (39.8) 
16-20 441 756 (6.3) 


87.6% 


Pathological Involvement 
per cent 


(0.25) 

(1.9) 
Adult type (0.2) 
Other forms (0.2) 

(2.5) 


DISPENSARY EXAMINATIONS 


In 1931, 2,458 children were examined at Iola Dispensary. One of 
the functions of the dispensary is to make the examinations of contacts 
that are being followed by its nurses. In addition, patients are referred 
for examination by practicing physicians, Public Health Nursing Asso- 
ciation, social welfare agencies, school nurses, or parents. Exclusive 
of the contact cases, there is.apparently sufficient reason to warrant the 
expenditure of money, time and energy in having these examinations 
made, and these reasons vary from failure to gain weight to marked symp- 
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tomatology. The dispensary examination consists of a history, and phys- 
ical and stereoroentgenographic examinations of the chest. When a 
diagnosis has been established there is made such disposition of the pa- 
tient as may seem proper. 

The results of these dispensary examinations were: 
Age and Sex: 


Years Girls 


1- 5 176 
6-10 404 
11-15 411 
16-20 


DISCUSSION 


Almost five times as many children were surveyed in the rural schools 
as in the dispensary. The sexes were quite equally divided. Of the 
school-children 87 per cent were between the ages of 6 and 15, while 
in the dispensary group 65 per cent were within these age limits. The 
incidence of tuberculous infection among the school-children was 2.5 
per cent and among the dispensary children, 10.1 per cent. One group 
was very largely rural, the other was very largely urban. The contrast 
between the final diagnosis of the two groups was: 


School Dispensary 
per cent per cent 


Childhood diffuse 60 (2.4) 
Childhood circumscribed................. 94 (3.8) 
Adult type : 55 (2.2) 
Other forms , 44 (1.7) 


253 10.1 


CONCLUSIONS 


1. The incidence of tuberculosis is four times as great among contacts 
and children who are not up to par as among supposedly healthy rural 
school children. 
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Total 
per cent 
358 (14.5) 
793 (32.3) 
824 (33.5) 
483 (19.6) 
1,220 1,238 2,458 
Pathological Involvement 
per cent 
42.3 
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1:10 
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1:10 
1:8 
300 2.5 
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2. There is very little tuberculosis in the children of the rural part of 
Monroe County, New York State. The incidence of demonstrable 
tuberculosis was 2.4 per cent, and of dangerous lesions it was 0.44 per cent. 

3. Ten times as many cases of childhood diffuse and adult type of 
tuberculosis were found in the dispensary group (contacts and those 
presenting symptoms of ill health) as were found in the school-exam- 
ination group. 

4. These conclusions are based upon a comparison of the results of 
dispensary and school examinations of 13,754 children. 
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A TECHNIQUE AND APPARATUS FOR INTRAPLEURAL 
PNEUMOLYSIS! 


J. W. CUTLER 


The closed single cannula method of cutting intrapleural adhesions, 
often essential to collapse therapy, calls for constant improvement of 
the thoracic surgeon’s technique. The difficulties encountered in per- 
forming this operation in a series of cases have suggested certain modifica- 
tions of the procedure and instrumentation now in common use. The 
technique that has been developed has been employed in a considerable 
number of cases with satisfactory results. 


PREPARING FOR THE OPERATION 


A detailed preliminary study is made in order accurately to locate 
the adhesion before introducing the cannula. Once an instrument is 
introduced freedom of movement within the pleural space, although 
considerable, is limited. It is essential to have good stereoscopic roent- 
genograms of the chest with lateral and rotation films, so that the operator 
will become fully familiar with the mechanical problem to be solved. 
When there is more than one adhesion, careful study of these films will 
usually indicate the one that must be severed in order to collapse an open 
cavity. After this study has been completed, the patient should also be 
examined very carefully under the fluoroscope on both inspiration and 
expiration to obtain additional information as to the tensile strength of 
these adhesions. Finally, on the night before the operation, the patient 
should be fluoroscoped again by the operator, and the collapsed lung and 
the open cavity with its adhesion clearly outlined with mercurochrome 
upon the surface of the chest-wall. The selection of the point of entrance 
for the cannula and its relation to the adhesion to be severed is next 
studied under fluoroscopic vision. 

The point of entrance finally decided upon should be as near to the 
adhesion as possible, so that when the thoracoscope is introduced the 
adhesion should come directly into view. The point of entrance is also 

1From the Henry Phipps Institute of the University of Pennsylvania, Philadelphia, 
Pennsylvania. 
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indicated on the chest with mercurochrome. While the patient is being 
subsequently prepared for the operation care is taken to rub off as little of 
these markings as possible. Figure 1 illustrates the collapsed lung with 
its uncollapsed cavity and adhesions outlined upon the chest of a patient. 
¢ (This procedure saves time and uncertainty at the operating table. 
The surgeon will not need to count ribs or intercostal spaces, nor will 


Fic. 1. Adhesions are accurately located before the introduction of any instrument by a 
painstaking study with roentgenograms and fluoroscopy, and the topography of the lung 
is outlined in mercurochrome upon the surface of the chest. X indicates point of entrance 
for cannula. 


he have to turn repeatedly to the X-ray film. His confidence, his quick- 
ness and sureness of touch will be definitely increased. 


THE OPERATION 


The instruments that are now in general use for cutting intrapleural 
adhesions by the closed method have been variously modified since the 
first were devised by Jacobaeus. Mechanical problems that arose during 


d 
> 
. 
¢ a 
y 
oy 
aie 


530 J. W. CUTLER 


this series of operations have shown them capable of further improvement. 
Some of these problems were met by changes made in the available instru- 
ments by The American Cystoscope Manufacturers. The instruments 
used, as finally developed, are illustrated in the accompanying figures. 

The Introduction of the Cannula: Immediately before introducing the 
trocar and cannula, the pleural cavity is inflated with air. The pneu- 
mothorax needle should be introduced at the point of entrance for the 
cannula; thus information is gained as to the relative freedom of the 
pleural space at that particular point with a fairly accurate idea of the 
thickness of the chest-wall to be pierced. By inflating the pleural space 
just before operation the lung is still further collapsed and pushed out 
of the way and the adhesion is stretched to its full extent. 

Inspection of the Adhesion: Once the cannula is introduced and held 
in place, the trocar is removed and the diagnostic thoracoscope (figure 2) 
substituted. This instrument employs the McCarthy “‘foroblique”’ lens 
system and greatly facilitates the exploration of the chest-cavity. An 
area of over 4 inches in diameter can be brought into well-iiluminated 
view by one rotation of the instrument around its axis. 

If the problem has been studied carefully beforehand, there will be little 
difficulty in locating the adhesion. As a rule it is found lying right at 
the end of the thoracoscope in full view. The operator should study the 
entire length of the adhesion and trace it from its origin along the chest- 
wall to its insertion into the lung. Some adhesions are much thicker 
and broader than one would infer from the X-ray films and the plan of 
attack may have to be modified, as described below. In studying the 
adhesion one should be on the lookout for two things, blood-vessels and 
lung tissue. An unconsidered attempt to cut an adhesion that is very 
vascular, or that contains extensions of the cavity-wall within its sub- 
stance, may result in haemorrhage, spontaneous pneumothorax, or 
empyema. 

To make certain that there is no lung tissue within the adhesion it is 
desirable to transilluminate it. This can be accomplished in most in- 
stances by the diagnostic thoracoscope. In some cases, however, it 
may be necessary to use a hooded lamp on an extension, an inch or more 
in length, which can be readily attached to the diagnostic thoracoscope, 
as shown in figure 2. The lamp is passed under the adhesion and held 
so that the adhesion lies between the light and the lens. 

Technique for Cutting Adhesions: The operating forceps thoracoscope, 
as completed in December, 1932, is designed to grasp the adhesion firmly, 
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Fic. 2, Diagnostic thoracoscope and extension for inspection of pleural cavity and transil- 
lumination of adhesions. 

Fic. 3. Assembled operating forceps thoracoscope. 

Fic. 4. a: Foroblique telescopic unit. 6: Removeable wire electrode. c: Cannula and 
trocar. d: Lock on collar of cannula for fixing the thoracoscope. e: Stud for introducing 


air to clear lens and operating field. {: Moveable guard on shaft of cannula. 


coagulate, and cut it by diathermy under the direct vision of the operator 
(figures 3&4). The forceps jaws are constructed so that they do not 
obstruct vision, and they are elongated to accommodate an insulated wire 
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electrode. The upper jaw is fixed in position; the lower jaw is hinged to 
it and movesinanarc. The electrode is held in an insulated slip-joint 
and is attached to the forward end of the upper jaw. It can be replaced 
at a moment’s notice. 

The instrument is bipolar. One pole of the high frequency current 
connects to the forceps jaw, the other pole to the insulated electrode, 
the forceps jaws thus forming the indifferent electrode and the wire the 
active. When the adhesion is grasped, the current travels from the wire 
electrode along the forceps jaws, and electrical activity is thus confined to 
the area framed within them. 

The McCarthy foroblique telescopic unit is used. It has two positions 
on the thoracoscope. One position permits an unobstructed view of the 
pleural cavity, the other focuses directly upon the forceps jaws, the 
electrode, and the field of operation. An ample view is obtained of the 
adhesion within the forceps jaws, and the entire procedure is performed 
in plain sight. The telescope can be changed from far to near vision 
and back again at any time during the operation by a turn of the eye-piece. 

The collar on the cannula carries the lock for the working element 
and a stud for blowing away the fumes from the lens while working. 
The stud may also be connected with the pneumothorax apparatus so 
that air may be introduced into the pleural cavity and the lung pushed 
away from the operating field whenever the need arises. On the shaft 
of the cannula there is a moveable guard, which can be fixed at any deter- 
mined position when the adhesion is grasped, and prevent accidental 
pushing of the operating thoracoscope into the chest and possible tearing 
of adhesions. 

Hitherto two or more separate electrodes have been required for cutting 
adhesions, a relatively thick wire or ball for coagulation and dehydration, 
and a thin wire for cutting. The thoracoscope described is designed upon 
the principle that these three steps can be carried out as a continuous 
process by means of a low current acting through a single-wire electrode 
of moderate thickness. The source of current is the vacuum-tube high- 
frequency diathermy machine. Other high-frequency generators are 
unsuitable. The wave form of the spark-gap machines is likely to 
destroy the electrode and the working part of the forceps, melt the lamp 
and lens, and bake the tissue tight to the electrode. 

After various trials, it was found that for the entire operation 600 
milliamperes is sufficient for thick bands and from 450 to 500 for thin 
bands. Since the cutting wire is fairly thick, these currents will cause 
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thorough coagulation before the tissue is dry enough to cut. There 
is danger of bleeding if this process is hurried by an appreciable increase 
in current. With suitable currents, cutting begins automatically when 
a certain degree of dehydration has been attained. No change of current 
setting on the high-frequency machine is required for the three stages, 
coagulation, dehydration, and cutting. 

When cutting begins, pressure on the forceps handle should be slightly 
increased to ensure complete dissection. If the band is exceedingly 
thick, the forceps may be pushed on to another bite until the entire band 
is separated. 

If the above technique is followed, there will be very little smoke and 
the coagulated area on either side of the electrode will not be greater 
than an eighth of an inch, enough to seal off all vessels and yet not enough 
to give further trouble by sloughing and secondary haemorrhage. 

The adhesion should be grasped as near to the chest-wall as possible 
to avoid the possibility of cutting through pulmonary tissue, which 
may extend within the adhesion for a considerable distance. As a rule 
when the adhesion is cut, especially if it has previously been stretched by 
the pneumothorax, there is an audible snap, usually indicating that the 
adhesion has been completely severed and the lung released. Once the 
adhesion is grasped every effort should be made ot to let go until it is 
completely severed, aS subsequent attempts are sometimes not so suc- 
cessful as the first, largely because of the loss of air during the operative 
procedure with expansion of the lung and relaxation of the adhesion. 

A careful inspection of the cauterized stump is then made for bleeding. 
As a rule, if the technique is closely followed, there is none. Should any 
occur, the operator should grasp the bleeding stump within the jaws of 
the forceps and coagulate it by diathermy. 

Figures 5a and 5b illustrate a fairly thick adhesion severed by dia- 
thermy with a single grasp of the forceps. 

Cutting Broad Adhesions: Not infrequently the adhesion to be severed 
is found to be of the broad- or tent-type variety with a relatively short 
stump. Such adhesions are sometimes difficult to grasp with the forceps 
thoracoscope. Considerable time and effort will be saved if the operating 
forceps thoracoscope is replaced by the bipolar electrotome illustrated 
in figure 6. 

This electrotome fits into the cannula already in place and has a 
coagulating cutting wire one and one-eighth inches in length, projecting 
for a little distance beyond the body of the instrument. The instrument 


iit 
i 
i 
| 
q 
| 
al 
{ 
| | 
q 
| 


534 J. W. CUTLER 


is based upon the same general principle as the operating forceps tho- 
racoscope, in that coagulation and cutting is an automatic process once 
the electrode comes into contact with the adhesion. 


Fic. 5a Fic. 5b 

Fic. 5a. X-ray of chest on January 28, 1933, one week before operation. Note the dis- 
placement of heart and mediastinum as a result of high-pressure pneumothorax, and elevation 
of diaphragm following phrenic evulsion without material effect upon the uncollapsed cavities. 

Fic. 5b. X-ray of chest on March 25, 1933, six weeks after operation. Note the marked 
reduction in the size of the cavities followed later by complete closure. ‘The adhesion was 
three-quarters of an inch in diameter and was severed with a single grasp of the operating 
forceps. There was only slight pleural reaction for three days with no evidence of effusion. 
Clinically there was a striking improvement in the general welfare of the patient. 


Fic. 6. Operating electrotome for broad adhesions 


The broad band may be attacked in one of two ways. It may be com- 
pletely severed by the electrotome, or it may be divided into smaller 
strips by punctures throughout its breadth, and the strips cut by the 
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forceps thoracoscope. Only experience at the operating table can deter- 
mine which method is preferable in any given case. 

The current should be adjusted to cut fairly dry (bloodless) tissue. 
Gentle force is employed to assure contact with tissue of the end of the 
instrument as well as of the wire electrode, which extends slightly beyond 
it. ‘Time should be allowed for the current to desiccate the area around 
the wire. When sparks form, the gentle pressure pushes the electrode 
through the desiccated part, and the foot-switch should be released 
momentarily to prevent cutting ahead into uncoagulated tissue. Only 
by starting and stopping the current judiciously can haemorrhage be 
prevented. The workings of the current can be minutely observed with 
the telescope. The necessary experience is best gained by repeated 
experimentation on raw meat well moistened. 


SUMMARY 


A technique for the closed single cannula method of cutting intrapleural 
adhesions is described, based upon modifications of the methods and 
apparatus in common use. 

1. Adhesions are accurately located before the introduction of any 
instrument by a painstaking study with roentgenograms and fluoroscopy, 


and the topography of the lung is outlined in mercurochrome upon the 
surface of the chest. 

2. Immediately before the operation the lung is further collapsed and 
the adhesions stretched by inflating with air. The pneumothorax needle 
is introduced at the point of entrance previously decided upon for the 
cannula. 

3. The adhesion to be severed is selected and studied minutely by 
means of a diagnostic thoracoscope, which brings a considerable area of 
the chest-cavity into excellent view. By means of an extension attached 
to the diagnostic thoracoscope, a hooded lamp can be introduced to 
transilluminate the large blood-vessels and extensions of lung tissue 
that may be included within the adhesion. 

4. Coagulation and cutting is an automatic and continuous process 
carried out under the direct control and vision of the thoracic surgeon 
by means of an operating forceps thoracoscope. By using suitable 
currents from a vacuum-tube high-frequency type of generator, the 
adhesion is severed by diathermy. The coagulated area acts as an effec- 
tive seal for the stump. 
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5. Broad adhesions that are too bulky to be grasped within the elong- 
ated jaws of this thoracoscope can be severed by an operating elec- 
trotome. 

All the instruments employed fit interchangeably into one cannula; 
only one puncture of the chest-wall is required. 


SANOCRYSIN TREATMENT IN TUBERCULOSIS 
K. J. HENRICHSEN anp H. C. SWEANY 


Although it has been over seven years since Mgllgaard (1) and his 
associates introduced the gold-sodium-thiosulphate (Sanocrysin) treat- 
ment of tuberculosis, there is yet no universal opinion as to its place as a 
therapeutic agent. In fact, in the United States the predominant im- 
pression is that it is of little or no use. However, a recent editorial (2) 
in the British Lancet, entitled ““An Assessment of Sanocrysin,’’ says in 
part: ‘We are by no means at the end of the chapter. Clinical records 
do not have the finality of a test tube experiment, but the fact that 
Sanocrysin is still in daily use in many institutions after a trial of five 
years and upwards, is evidence that its advocates have reason for believ- 
ing init.” This sentiment seems to be representative of medical opinion 
in Europe, as well as in several other parts of the world. 

Inasmuch as we were among the first in this country privileged to 
work with Sanocrysin, we feel that it is our duty to report our results on 
patients after more than five years’ observation, to supplement a brief 
preliminary report (3) made soon after the treatments were given. Our 
impression at that time was that the drug possessed usefulness, and 
after five years we have no reason to change our opinion. 

An exhaustive review of the literature for this type of report is obvi- 
ously unnecessary. We shall only make reference where it pertains to 
some phase of the subject under discussion. 

After a series of experiments, in which the drug was reported to inhibit 
growth in cultures, in concentrations of less than one to 100,000, and to 
protect rabbits and calves from experimental tuberculosis, M@gllgaard 
felt that he had satisfied Ehrlich’s requisite for a therapia magna 
sterilisans. Following this, Secher (4) proceeded with its use in human 
tuberculosis. 

From the results obtained, however, it seemed that there was a mis- 
calculation somewhere, because many patients developed violent reac- 
tions and died. The idea was quickly, but perhaps prematurely, con- 
ceived that much of this toxic reaction was due to liberated tuberculin 
from killed tubercle bacilli to neutralize which an anti-serum was pre- 
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pared in horses. Both the conception of the bacteriocidal power and 
the tuberculin effect from the dead bacilli have since been apparently 
disproved by Calmette (5) and associates, by Watanabe and Sato (6) 
of the Japanese Sanocrysin Commission, Sweany and associates (7), and 
others. Even the bacteriostatic action was doubted by some, most 
prominent of which were the negative findings of the Japanese Com- 
mission. Neither was the protective action in small animals found to be 
as conclusive as were the first results of Mgllgaard, and the later reports 
of Madsen and Mé¢rch (8), who reported that good results could be 
obtained if the dose were increased in proportion to the virulence of 
the culture. Although Cummins (9) likewise obtained some success, 
Calmette and the Japanese considered practically all animal experi- 
ments negative, so far as curative power was concerned. During this 
time Secher (10) firmly adhered to the system of large dosage, feeling 
that it was necessary in order to produce a theoretical sterilization that 
apparently does in fact not exist. Consequently, his reports, although 
showing some remarkable recoveries, also revealed many apparently 
needless fatalities. It was the rather large mortality that seemed to 
cause the people in America to hold aloof from using the drug. It is 
interesting to note in a recent monograph that Secher (11) has receded 
slightly from the large dosage. The “tuberculin effect” from dead 
tubercle bacilli has also given place to a “‘focal’’ tuberculin reaction from 
the focus itself. 

In other parts of the world, however, as well as other clinics of Den- 
mark, the large dosage was soon supplanted by smaller ones. With few 
exceptions, the findings have been less violent and of a favorable trend. 
The Japanese Commission (6), in 1927, compiled the figures of thera- 
peutic results of 22 European investigators, the aggregate of which 
revealed that 51 per cent of treated subjects were improved, 23 per 
cent unchanged, and 26 per cent were made worse. These figures were 
slightly higher than their own. Miyagawa found 45 per cent im- 
proved, 21 per cent unchanged, and 33 per cent worse, while Tazawa 
found only 34.7 per cent improved, 30.6 per cent unchanged, and 34.7 
per cent worse. In 1931 Koch (12) studied the reports of 162 investi- 
gators, 62 per cent of whom reported favorable, 24 per cent reported 
nothing of value, and 14 per cent unfavorable results. To mention only a 
few others, we might cite the more recent work of Bernard and Mayer 
(13), who report 43 per cent improved among 142 cases of acute febrile 
tuberculosis, contrasted to only 5 per cent improved in their controls. 
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One of the most complete reports is that of Koch (14) who treated 80 
patients and compared them to 80 well-matched controls. In the treated 
patients there was improvement in 65 per cent, while of the controls 
only 29 per cent improved; 21 per cent of the treated patients were 
unchanged, while 44 per cent of the controls were unchanged; and 14 
per cent of the treated patients became worse, while 27 per cent of the 
controls became worse. This analysis included complete physical, X- 
ray and laboratory examinations. Of Koch’s treated patients, 50 per 
cent, and of the controls, 7 per cent, became bacillus-free. Likewise, 
the observations of Sayé (15) of Barcelona, Brodiez and Lefévre (16) in 
France, Heaf (17), Clarke (18), Burrell (19), Elliott (20), and many 
others in the British Isles, not to mention various reports from Denmark 
and other countries, are on the whole quite similar. Smith (21), of 
England, has recently summarized the situation about as it exists at the 
present. Among other things, he says that there is almost universal 
agreement that Sanocrysin is valuable; that approximately 50 per cent 
of patients have shown improvement; that the more acute types of 
infection respond best; that the drug is a valuable adjuvant to collapse 
therapy, in preventing spread to the contralateral lung; that the pres- 
ence of cavities is the greatest single factor preventing success; and that 
severe reactions may be prevented by proper dosage. 

The unfavorable reports are much in the minority. Stephani (22), in 
France, feels that the benefits obtained do not justify the risk. Amber- 
son, McMahon and Pinner (23), in this country, found practically no 
advantage from the treatment in very small but well-controlled series. 
There are a few other reports to the effect that any success has not been 
outstanding, but, on the whole, the reports have been in favor of the 
treatment in certain types of disease when it is carried out on a not al- 
together hopeless type of patient and with a carefully regulated method 
of dosage. 

Feeling that it was a part of our duty in the largest tuberculosis re- 
search department in this country, one of us (S) negotiated with Pro- 
fessor Mgllgaard for enough drug for experimental purposes. This 
request was kindly granted and the drug was obtained from Parke, Davis 
& Company without cost. At the same time work was begun in our 
Laboratory by McCluskey and Eichelberger (24), on the preparation 
of our own product. A method was soon developed and the formula 
turned over to the Abbott Laboratories, Chicago, for use. They have 
generously furnished a large quantity of the gold salt for experimental 
purposes, also without cost. 
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While experimental laboratory work was under way, one of us (H), 
went to Denmark to study the work there, and, on returning, clinical 
experiments were inaugurated. 

Prior to this, however, Permin (25), Wiirtzen (26), Bogason (27), 
Gravesen (28), and others in Denmark had observed that smaller dosage 
could be used with apparently as good effect as the very large doses. 
These timely observations were used to advantage in our work and saved 
much ‘“‘trial and error’’ on our own part. 


EXPERIMENTAL PART 


Our first plan included approximately 100 patients of different ages, 
sex, stages, and quality of disease, with a variation of dosage between 
the medium heavy type (Permin) and slightly lighter (Bogason). Our 
colleague, Dr. I. F. Fremmel, has one group of 47 cases which will no 
doubt be reported later. His findings are interesting and useful because 
in his group were more early cases that included women with moderately 
and far-advanced disease, and in which was used the lighter form of 
dosage resembling more that advocated by Wiirtzen (26). There are 
also about 20 patients in private practice, as well as those treated by 
other members of our staff, that could be included, but we have pre- 
ferred to report this series, as it is, for the following reasons: Nearly all 
were far-advanced cases when treatment began; they were ail of the 
same sex; they were under the same supervision and care; they were 
better controlled; the clinical records were complete; and the laboratory 
and X-ray work was complete in all important details. Although the 
series is not a large one, we feel that it cannot be disqualified for this 
reason. As a matter of fact, it is one of the largest groups consisting of 
essentially one stage of disease. Of those treated there were five mod- 
erately advanced “‘B,”’ three far-advanced “A,” 39 far-advanced “B,”’ and 
19 far-advanced “C”’ cases. 

Before considering these patients, however, we shall first discuss the 
methods of evaluating the results by control. 


THE CONTROLS 


The problem of controlling the treatment of tuberculosis patients is 
one of the most difficult tasks of experimental medicine, because no two 
patients run exactly the same course of disease. There is no ideal 
method, therefore; but, by using all the methods available, we feel that 
we have produced comparisons sufficiently well to warrant conclusions. 
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We have used five types of control: 


1; The psychic aspect of patients receiving treatment for tuberculosis. 
2: The statistics of the institution over a period of years when the general 
management, admission of patients, etc., were comparable. 

3: A group of patients as nearly like the treated patients as possible, selected 
by a disinterested physician without knowing the purpose. 

4: Those who were selected for treatment but refused. 

5: “Auto” controls. 


The first type consisted of a group of 16 patients, treated early in the 
year of 1925 by one of us (S) with an antituberculosis serum, on whom 
complete clinical, X-ray and laboratory studies were made and of whom 
every second patient received salt solution instead of serum under the 
guise of the serum. Although the mental attitude of the patients was 
temporarily buoyed up and some revealed a high degree of optimism 
even just before death, the blood-counts and especially the blood- 
protein changes showed no change that is not found in the average pa- 
tient undergoing sanatorium treatment. Incidentally, the serum- 
treated patients revealed no improvement attributable to the serum. 

The statistics of the Institution were useful to show the comparison 
of the average patients admitted for the period of years when Sanocrysin 
was being used in the same type of treated patients; for example, 2.7 
per cent of the patients admitted with a “far-advanced”’ diagnosis were 
discharged as apparently arrested and 3.5 per cent as quiescent. These 
figures may be compared with those of the treated patients admitted 
with a “‘far-advanced”’ diagnosis. This has been done in table 6. 

The third group was selected from the patient body during the years 
of the Sanocrysin experiments by our colleague, Dr. Loren Collins, 
assisted by Miss Lucille Barry, without any knowledge of the purpose of 
the selection. Each treated patient was matched as nearly as possible 
as to age, race, sex and extent and type of involvement. The same types 
of complications were admitted, but no complication existed in the con- 
trol that did not exist in the patient treated. No patient was selected 
with an earlier diagnosis than the one treated, and, if any difference ex- 
isted, the control was less advanced than the treated patient. There 
were 5 patients whom we could not match even approximately, and these 
were omitted. The objections to this method are that the controls 
should have received something in the guise of the drug to control the 
psychic aspect; that treated patients may have received “preferred” 
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treatment; and that the favorable types were selected for treatment, 
leaving others for control. The first objection is answered by the first 
group of controls given above; the second is scarcely tenable in our 
institution because there is no “special”’ or “‘preferred”’ service; and the 
last objection, although we must admit that the personal equation is 
bound to enter in, is principally removed because 30 patients, selected 
for treatment and refusing, are nearly all dead, and of the treated pa- 
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Cuart 1. Observation 67, H.J. An “autocontrolled” patient after a year’s rest treat- 
ment; then four months of salt solution; followed by two months of gold; then rest. 


tients 90 per cent of all were clearly established far-advanced “B”’ or 
far-advanced “‘C”’ cases. 

The fourth group, “those selected for treatment but refusing,”’ we have 
entirely discarded because there was no attempt made to match them 
up with treated patients. Furthermore, they are now nearly all dead. 

The last system of control is, we feel, the best of all. We have termed 
this the “autocontrol,’’ because it was carried out on the patients 
treated first by rest for a period of months, sufficiently long in fact to 
exhaust the possibilities of rest treatment; then salt solution, in the guise 
of the remedy, was given, for a two- to three-month period, followed by 
treatment with the drug. If there is an abrupt change after the drug 
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has been instituted, it will show its effect more clearly than anything 
else. This method is much superior to the alternate salt-solution con- 
trols used in group one. 

Five patients were controlled in this manner, of which no. 67 is an 
example. This patient was chosen as an example because of the many 
interesting developments that did not show in those who responded 
better or not so well. Our purpose was intended to show as many phases 
of the problem as possible and not just those yielding the best results. 
In fact, we have tried to make our selections as representative as possible 
without any bias. (See chart 1, plate 1.) This patient was on regular 
sanatorium treatment for twelve months; the “salt-solution’”’ period 
from June 1 to September 5, 1927, did not show any improvement except a 
slight contraction of a fibroid right apex. There was probably a slight 
failure, as indicated by an enlarging cavity in the right base and increase 
in nodular densities in the right midfield. With the beginning of the 
gold treatment, however, there was an abrupt change for the better, 
with a remarkable clearing of discrete densities in both lungs, a decrease 
in temperature from around 100°F. to normal, decrease of sputum, gain of 
25 pounds in weight, and a general feeling of well-being. The cavity in the 
right base, however, enlarged, and the laboratory findings, contrary to the 
usual observation, failed to show any favorable change immediately after 
the treatment. Usually the blood-chemistry findings are the most delicate 
prognostic indicators. After the last 1-gm. dose there was a slight dis- 
turbance of the kidneys, as indicated by the slight amount of albumen 
and a few small casts which soon cleared up. As pointed out later, this 
size of dose is not necessary and may do injury. There were no other 
ill effects. The blood cytology revealed a slight increase in the poly- 
morphonuclears with a marked decrease in the lymphocytes, indicating 
the continued presence of sepsis and toxaemia in spite of all other favor- 
able changes. The subsequent behavior of the patient with the fatal 
results three years later should not be charged entirely against the 
treatment, because the patient considered himself “‘cured’’ and acted 
accordingly, with a resulting exacerbation. The poor showing of the 
laboratory findings indicated that he was perhaps not as well as he felt. 
Patient no. 66 (see description later), however, quite similar in every way, 
went on to a permanent arrest. There was even more involvement than 
in no. 67. 

On the other hand, patient no. 61 was treated and controlled by this 
method with only a mildly favorable change, even clinically. Although 
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he improved for a while, with slight cessation of symptoms, there was a 
reaction to the drug. The X-ray did not show so much change. After 
six months, he developed a succession of pulmonary haemorrhages, with a 
subsequent pneumonia, from which he never recovered. 

These three patients afford fairly representative examples of the 
results, as well as an evaluation of the method by “‘autocontrol”’:—one 
good result, another good ‘“‘temporary”’ result, and a third with slight 
or no change. 


THE RESULTS OF TREATMENT 


A few case-histories will be given in full to show as many varieties of 
result as possible, and to give a fair idea of the changes that can be 
expected. 


Observation no. 4 


Case no. 22,084, R. B., age 19, weight 127 lbs., nationality Irish. Adm.: 
Dec. 4, 1925. Diagnosis: Far-advanced ‘“‘C”; duration 7 months. Onset 
haemorrhagic in September, 1925. Physical findings: R. L.: Evidence of 
cavitation in upper lobe; moist crackling and crepitant rales from apex to base. 
L. L.: Rales over upper half, persisting fine and crackling. Temperature 
running irregular curve; maximum 100°F. Sputum positive. Evidence of 
bilateral activity. Sanocrysin treatment begun Feb. 20, 1926; dose 0.10 
gm., and slowly increasing to 1.00 gm.; total amount given, 8.25 gm., treat- 
ment well tolerated; no reactions observed, except rise in temperature following 
each injection. Made satisfactory improvement. Temperature remained 
normal. Sputum negative. Discharged, quiescent case. Worked up until a 
few days of his fatal iliness four years later. Died four years later of “pneu- 
monia” following the extraction of several teeth. No autopsy available. 
(See chart 2.) 

Roentgenographic findings: (see plate 2): February 3, 1926: This patient 
was a haemorrhage case and was given pneumothorax before admission to the 
institution. The roentgenogram shows involvement of lower half of right 
upper and upper third of right lower lobe. Diffuse soft lesions, with irregular 
areas of clearing, characteristic of excavation. Three annular shadows in 
left upper, measuring 1 to 1.5 cm. in diameter. Irregularly scattered acino- 
nodose tubercles throughout upper two-thirds of left lung that show slight 
clearing. Some are excavating into small cavities. May 10, 1926: Marked 
clearing in right-lung lesions. The soft areas are giving way to more linear, 
string-like shadows. Apical bronchi reveal some involvement. Left side 
shows slight clearing, with shrinking of cluster of annular shadows to irregular 
and indistinct proportions. July 22, 1926: Right upper lobe shows marked 
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contraction, with dense fibrosis. At base of upper lobe are a few thin linear 
clear shadows, perceptible through the density. Apex of lower is about 
entirely cleared: more clearing in the left. Small “indian-club’”-shaped 
cavities in left apex, measuring 0.5 by 1.5 cm. Former annular shadows have 
shrunk and taken on linear appearances resembling dilated bronchi. Novem- 
ber 4, 1926: Right side shows still further contraction of upper—at this time 
about one-half of its normal dimensions. Diaphragm raised, and ribs pulled 
in. Shadows in apex of.right lower indicate possible existence of closed cavi- 
ties. June 4, 1927: Principal features of difference are more fibrosis and more 
contraction of before-mentioned pathological lesions in right upper, which is 
now less than one-third former volume. Left side: Only difference is increase 
in size of annular shadow from 1 to 1.5 cm. in apex of left lower. In apex is 
some contraction. 

The important laboratory findings before and after treatment changed as 
follows: Haemoglobin, 5 per cent increase; corpuscles decreased 20 per cent 
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CHART 2. Observation 4, R. B. Showing the temperature curve for two months of rest 
treatment, followed by two and one-half months of gold, and subsequent rest. The tempera- 
ture reached normal only one month after the last one-gram injection, which produced a 
high temperature reaction. 


in total volume; polymorphonuclears remained at about 15,000; protein quo- 
tient changed from 0.5 to normal 2.0; fibrin changed from 0.63 to 0.46 per 
cent (normal 0.2 per cent). Sputum negative on discharge. 


Observation no. 18 


Case no. 22,710, C. G.: age 19; Norwegian; admitted May 13, 1926. Diag- 
nosis: Pulmonary tuberculosis, far-advanced “B”; duration of illness about 
one year. Physical findings: Persistent rales over entire right lung; evidence 
of cavitation in upper lobe. Left lung: Persistent rales over entire upper lobe 
and upper part of lower lobe posteriorly. Evidence of bilateral active tuber- 
culosis; sputum profuse, purulent, and positive for tuberculosis. Tempera- 
ture to 100°F., with usual morning remissions. 

Patient on absolute rest for. some time before admission to sanatorium, and, 
after one month of institutional care on absolute rest, showed no signs of 
improvement. Sanocrysin started June 8, 1926: first dose 0.10 gm., increased 
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to 1.00 gm., a total of 9.100 gm. within 90 days. After the first two weeks of 
treatment, there was marked improvement, and at end of treatment a gain 


» 


PLATE 3 
Roentgenograms of C. G., observation 18. Before treatment (May 17, 1926); about a 
year after treatment (June 24, 1927); about two years after treatment, (June 20, 1928); 
and about five years after treatment (February 15, 1931). 


of 23 Ibs. Temperature normal; cough very slight; sputum very little and 
negative for tuberculosis. Patient discharged in September as quiescent case. 
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This patient has been closely followed up: he has gained a total of 66 lbs., is 
married and has a family, and has been living a normal life, supporting his 
family, without any recurrences. 

Roentgenograms: (See plate 3): May 17, 1926: Right lung: There is a 
bifurcation of right third and left fourth rib just before sternal junction. In 
right upper are numerous ragged cavities pointing toward hilum, with con- 
siderable fibrosis and thin-walled annular shadows at apex of right lower, 
3 cm. in diameter. Small annular shadows in right lower, and extensive 
parenchymatous involvement in upper half, as shown by discrete, partially 
clear shadows. Left lung: Numerous annular shadows in whole of upper 
lobe, involving mainly the three posterior bronchi. Small shadows in lower 
part of upper and upper part of lower, characteristic of acute bronchogenic 
tuberculosis, with questionable annular shadows in lower. October 10, 1926: 
Right lung: Right upper ‘contracted into apex, with few remaining linear 
cavities. The annular shadow at apex of right lower contracted to one-third 
of former dimension. ‘No evidence of soft discrete lesions remaining. Left 
lung: In left lung is clearing of all soft lesions, with marked contraction of all 
annular shadows, nothing remaining but the linear type corresponding to the 
main-stem bronchi. June 24, 1927: Principal difference between this and 
last picture is more clearing and much more contraction of right upper, with 
slightly more contraction and fibrosis of other lesions. June 20, 1928: Right 
lung: Further contraction, with almost complete disappearance of lesions in 
right lung. There are a few dilated bronchi remaining, and pointing toward 
apex. Left lung: Same type of bronchial dilatations exists in left upper, with 
no annular shadows remaining. One small annular shadow remaining at apex 
of left lower lobe, measuring 2.5 cm. in diameter, but it shows a moderately 
thick wall. February 25, 1931: All annular shadows have disappeared. Only 
irregular, contracted scars remain in right upper, with dense peribronchial 
jibrosis, and extending toward the hilum on both sides; even the dilated bronchi 
show marked decrease in size. 

The important laboratory findings before and after treatment changed as 
follows: Red cells, 5,110,000 to 5,350,000; haemoglobin 70-to 82 per cent; 
corpuscle-plasma ratio 38.4 to 48.1 per cent; polymorphonuclears decreased 
from 22,600 to 9,400; polymorphonuclear-lymphocyte ratio from 22.6 to 2.0 
per cent (normal 2.5 per cent); lymphocyte-monocyte ratio from 0.3 to 1.2 
per cent (normal 5 per cent); protein quotient from 0.9 per cent to 1.5 per 
cent; fibrinogen from 0.65 to 0.40 per cent. Sputum became negative. 


Observation no. 33 


Case no. 23,323, (chart 3) E. P.; male; age 23; Irish; admitted August 13, 
1926. Diagnosis: Far-advanced “‘C”; duration 4 months. Physical findings: 
Right lung: Persistent rales over lung from apex to 7th rib posteriorly, with 
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evidence of cavitation. Left lung: Moist rales from apex to base; evidence of 
multiple cavities in upper lobe. Patient an acute, progressive case; tempera- 
ture to 103°F., with morning remissions to 97°F.; cough severe and profuse 
expectoration; positive for tuberculosis. After three months of absolute rest 
there was no sign of improvement; temperature remained high; patient was 
losing weight and failing. Sanocrysin was started November 15, 1926; ini- 
tial dose 0.15 gm., slowly increased to 1.0 gm. In 80 days a total of 9.40 gm. 
given. Showed the most remarkable improvement we have observed; after 
the first 6 injections (4 weeks) temperature came to normal and remained so. 
At end of treatment cough and expectoration subsided; sputum became nega- 
tive for tuberculosis; moist rales, heard before over entire chest, entirely dis- 
appeared; only a few dry crackling rales, but marked increase in breath- 
sounds; loss of 4 Ibs. during the treatment and later gain of 18 lbs. After 7th 


»__ AUG. SEPT. OCT. NOV. 


| 


im 


Cuart 3. Observation 33, E. P. Similar to observation 4, only showing an ideal result 
ina F.A.C. patient. There were an erythema and a dermatitis present, which are, however, 
not shown on the chart. 


injection (0.75 gm.) slight reaction with erythema and mild dermatitis. This 
subsided in 10 days and treatment continued. Doses of 1 gm. given at 6-day 
intervals and no further reaction observed. Patient has been seen from time 
totime. He has been doing well and has had no recurrence to present. 
Roentgenographic findings were as follows: (plate 4): August 14, 1926: 
Right upper lobe made up of numerous thin-walled annular shadows, averaging 
2 cm. in diameter. A few very small questionable annular shadows in upper 
part of right lower. Along subapical bronchus in left upper is a cluster of 
annular shadows, measuring 2 cm., with smaller ones along apical bronchi. 
Numerous discrete tubercles in lower part of upper lobe extending into lingula. 
November 15, 1926: Right upper a labyrinth of small annular shadows, mod- 
erately thin-walled, measuring 2 to 3 cm. Numerous discrete short soft 
shadows, 2 to 3 cm., in upper half of lower lobe posteriorly. A few oblong 
annular shadows corresponding to the subapical bronchus in left upper, with 
numerous discrete soft shadows in lower part of whole upper lobe, measuring 
2 to 3 cm. First treatment given immediately after this. March 1, 1927: 
There seems to be considerable contraction of the upper parts of both upper 
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PLATE 4 


Roentgenograms of E. P.. observation 33. Just before treatment (November 15, 1926), and five months after yard. 
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lobes, with marked clearing of discrete densities below. June 25, 1927: 
Right upper is contracted to about one-half of its former volume. Annular 
shadows have coalesced into one or two larger ones. Small discrete densities 
have practically disappeared in upper part of right lower. Marked clearing 
in upper part of left upper, with contraction of the small annular shadows. 
Dilatation of bronchi in this region. Small discrete densities in lower part 
have practically disappeared. February 28, 1929: Whole right upper is con- 
tracted into less than half of original volume, and contains one large cavity. 
A few smaller shrunken annular shadows in upper posterior part of right lower 
lobe, measuring 0.5 x 2 cm. Small discrete densities have almost entirely 
disappeared. Subapical bronchus on left has on its end one cavity, measuring 
about 3 cm., which is thick-walled. Small, scattered discrete densities below 
have practically disappeared. 

The laboratory findings after treatment changed as follows: Red cells from 
4,220,000 to 5,380,000; haemoglobin from 75 to 80 per cent; corpuscle-plasma 
ratio from 33 to 51; polymorphonuclears from 21,900 to 12,100; polymorpho- 
nuclear-lymphocyte ratio from 5.3 to 8.6 per cent; lymphocyte-monocyte 
ratio from 4.0 to 1.0 per cent; protein quotient 1.9 to 1.5 per cent; fibrin 0.5 
before and after; sputum negative. 


Observation no. 45 


Cxrse no. 23,774, T. B.; American; age 23; weight 149 Ibs.; admission, No- 
vember 18, 1926. Diagnosis: Moderately advanced “B”; duration, 8 months. 
Physical examination: Right lung: Dulness in upper, and coarse crepitant 
rales from apex to base. Left lung: Dulness in upper third and at base. Per- 
sistent, coarse and crepitant rales from apex to 6th rib; absence of breath- 
sounds below this point to base, but no evidence of exudate. Sputum posi- 
tive. No evidence of active, progressive disease; temperature to 100°F., or 
more, with usual morning remissions. Patient losing weight rapidly. Treat- 
ment started December 29, with 0.15 gm.; slowly increased to 1 gm.; total of 
9.55 gm. given. No reactions observed. During the treatment gain of 5 lbs. 
Temperature stays normal. Physical findings markedly diminished. On 
August 2 patient began complaining of severe persistent headaches, and showed 
signs of cerebral disturbance. Diagnosis of meningitis made and patient 
died August 23, 1926. Autopsy performed and the following found: Small 
cavity in right apex, measuring 15 mm. in diameter, and one in upper part of 
right lower lobe about same size. Many nodular tubercles in apex and around 
cavity of lower lobe. These tubercles measure from 3 to 10 mm., and are 
composed of tough caseous material surrounded by definite wall. In some 
the caseous part is loosened by autolysis, and floats in sanguineous fluid. Left 
lung has few healing miliary tubercles. Both lung bases show firm dark 
purplish-red consolidation. Marked fibrinous deposit over base of brain, 
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with definite miliary tubercles along temporal-lobe fissure. Generalized 
infection of other organs seemed present. Bacteriology: Markedly granulated 
tubercle bacilli in the tubercles; large bipolar bacilli in brain and spinal fluid. 
Terminal granules acid-fast. 

Roentgenographic findings were as follows: November 22, 1926: Marked 
involvement in right upper, with numerous small annular shadows throughout. 
Soft nodular densities in upper part of right lower. Numerous soft densities 
throughout whole left upper, with irregular annular shadows along subapical 
lymphatics. Questionable annular shadows beneath pleura. June 22, 1927: 
Marked contraction of annular shadows in right upper, with clearing of soft 
densities throughout right lung. Peculiar linear shadow beneath pleura 
posteriorly; looks like cavity, 1.5 X 10 cm. Slight clearing on left of soft 
densities. Little other change. 

The changes in the laboratory findings were as follows: Red cells from 
4,750,000 to 5,070,000; haemoglobin, no change; corpuscle-plasma ratio from 
42.4 to 43.5 per cent; polymorphonuclears from 13,900 to 12,800; polymorpho- 
nuclear-lymphocyte ratio, 2.3 to 3.8 per cent; lymphocyte-monocyte ratio, 0.9 
to 0.8 per cent; protein quotient, 1.5 to 1.6 per cent; fibrinogen, 0.5 to 0.43 
per cent. No sputum changes. 


Observation no. 66 


Case no. 23,512, H. O.; male; age 29; German; admitted September 17, 1926. 
Duration of illness, 2 years. Diagnosis: Pulmonary tuberculosis, far-advanced 
“B”’; complication of tuberculous laryngitis. Physical findings: Right lung: 
Dulness over entire lung; persistent moist rales from apex to base. Left lung: 
Persistent rales from apex to 6th rib. Evidence of multiple cavities, and of 
active progressive disease. Temperature fluctuates from 97° to 99°F. Spu- 
tum positive. Patient has been treated as a control with physiological salt 
solution, under guise of Sanocrysin, from June 7 to September 6. During this 
time on absolute rest in a ward with other patients treated, receiving the same 
care, diet, etc. Had been no change in condition, temperature remained as 
before, sputum positive. Could not talk above whisper, and swallowing diffi- 
cult and painful. Had been slight loss of weight of three pounds. Sanocrysin 
started, September 6, 1927. The initial dose 0.15 gm., increased to 1.00 gm., 
total 6.40 gm. No reaction. Result: Definite clearing of physical findings 
and healing of laryngeal ulceration. Voice became clear. No pain or dis- 
comfort on swallowing. Sputum became negative. Regained lost weight 
plus two pounds. Patient discharged, and since then has been doing office work 
for some time. When last heard from was in Hamburg, Germany, in part- 
nership with his father in painting business. Has had no recurrence and is 
doing well. 

Roentgenographic findings were as follows: September 21, 1926: Marked 
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TABLE 1-A 


Showing the weight, temperature and principal laboratory findings on most of completely treated 
cases before and after treatment, indicated by ““B” and “A” 


a 


OBSERVED 
CORPUS- 
CLES 
THOUSANDS 
W.B.C. 
POLYS 
LYMPHOS 
ALBUMEN 
GLOBULIN 


per cent | per cent 


75 | 46.0 
80 | 36.3 


70 
85 


75 


rn Pw Pw 


B 
A 
B 
A 


Pw Pw 


> 


3 
pounds °F. 
4 127 | 101.0} 4.58 15.6} — 8.1] 0.5 | 0.63 
141 | 98.6] 4.67 15.0} 6.8] 2.9] 8.0] 2.0] 0.46 
8 154 | 100.6] 4.92 41.3] 17.7] 9.1] 0.6] 11.5] 0.5 | 0.68 
173 | 98.6) 5.74 43.2 | 13.2] 4.6] 1.6] 9.1] 1.1] 0.59 
9 112 | 100.6, 5.34| — |10.2/] 7.8] 0.4 
121 | 98.6} 4.71] 80 | 36.7/17.8| 4.3] 2.7] 8.8] 1.1]|0.52 
11 144 | 102.01 5.46} 70 | 38.6] 13.6] 4.7] 1.2] 8.2] 0.8] 0.49 
132 | 99.01 3.75| — | 36.2] 13.2] 6.6] 1.3] 8.6] 1.6] 0.55 
13 98 | 103.0/ 4.10 | 65 | 25.4} 9.2] 12.3] 0.5 0.54 
158 | 98.6, 5.17] 80 | 40.2} 65] 3.8] 1.1] 8.2] 1.8] 0.49 
14 161 | 99.6} 5.22] 70 | 35.5/11.6| — 9.1] 1.2] 0.44 
163 | 98.6, — — | 43.8 — _ 8.9| 2.3] 0.42 
15 144} 99.0/5.11} 70 | 41.5] 20.1 9.2] 1.2] 0.41 
135 | 98.6, 4.57] — | 39.6] 10.7] 3.0] 3.6] 7.8] 1.6] 0.36 
18 139 | 100 | 5.11 | 70 | 38.4 | 22.6] 21.2} 0.3! 9.4] 0.9 | 0.65 
162 | 98.65.35] 82 | 48.1] 9.4] 2.0] 1.2] 8.8] 1.5]|0.40 
19 121 | 100 — 143.4] — 8.7 | 1.0] 0.45 
143 | 98.6, 4.21} — | 40.7/ 13.0] 2.2] 5.6] 9.0] 2.0] 0.35 
21 188 | 102 | 4.87] 75 | 45.4] 16.2] 3.3] 2.8| 8.2] 0.46 
185 | 98.61 6.22} — | 42.3] 13.2] 3.8] 5.5] 0.42 
23 134 | 104 | 4.54] 70 10.2} 2.9|10.7| 9.7] 0.9] 0.59 
149 | 98.65.47] 75 | 35.8] 9.1] 2.5] 7.5] 8.2] 1.7] 0.36 
26 115| 99 | 5.32] 80 | 43.1/ 8.1] 3.4] 2.8] 7.8] 1.3] 0.54 
115/| 98 | 5.68] 80 | 43.3] 11.2] 3.2] 3.3] 7.9] 0.54 
28 111} 100 | 4.50] 70 | 38.8/ 13.1] 5.6] 8.5| 0.53 
120 | 98.6] 5.67| 70 | 42.8] 21.5| 1.9| 0.49 
30 145 | 100 | 3.40] 75 | 34.8/10.8] 2.4] 5.0! 9.7| 0.9| 0.45 
171 | 98.6| 4.60] 68 | 45.5/ 3.8 0.8 | 7.7| 0.32 


NTadia 


NITNGOTO 


1.3 | 0.57 
1.2 | 0.65 


NIZLOaa 
TIVLOL 


7.6 


8.2 


ONOK 
OHdWAT 


1.0 
1.2 
1.0 
4.7 
0.8 
2.1 
8.7 


SATOd 


8.6 
5.3 
4.1 
4.6 
5.0 
7.9 
2.7 
3.7 
2.7 


SANVSQOHL 


7.6 


12.1 
13.4 

8.7 

6.7 
10.5 
16.0 
13.2 
12.5 
12.7 
15.6 


-Sadaoo 


51.6 
35.6 
46.1 
46.6 
35.8 
42.2 
46.4 
50.0 
35.9 
44.7 
36.2 


TABLE 1-A—Continued 


per cent | per cent 
75 
78 
75 
70 
70 
75 
75 
70 
85 
75 


4.09 


98.6) 5.11 
5.76 


98.6) 4.35 
4.95 
5.87 


5.01 
6) 5.80 
4.81 
6) 5.80 


98.6) 5.38 
98.6) 4.84 | 68 
98.6) 5.33 
98.6) 5.47 
99 

98 

99 

98 

100 

102 

98.6) 5.37 
98 

98 .6 


100 


5 
oO 
5 
: 
= 
5 
< 


110 
122 
155 
133 
148 
140 
136 
163 
114 
138 
102 
106 
135 

162 
154 
138 


azAagsao 


A 
A 
A 
A 
B 
A 
B 
A 
B 
A 
B 
A 


40 
43 


iB 
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< 

pounds! °F. | || —] 

31} B | 143] 99 | 5.19 9.3] 3.1] 2.5] 9.2] 1.0] 0.37 
A | 139] 98.6] 4.96 10.2} 3.1] 4.7] 7.7] 1.7] 0.37 
32} 164] 90 | 4.34 10.3] 2.9] 6.4] 7.6] 1.4] 0.52 
| A | 187] 98.6 5.10 2.8] 5.1] 8.0] 2.1] 0.41 
33} 114] 103 4.22 | 21.9! 5.3] 4.0] 8.7! 1.9] 0.50 

7.8| 1.5] 0.50 

34 8.3] 1.4] 0.68 

8.3] 1.2] 0.60 

35 7.5| 2.6] 0.40 

1.9 | 0.29 rt 

36 1.8 | 0.40 oa 

38 

39 | 8.5] 1.5] 0.54 

7.4] 1.9] 0.46 #4 

8.3] 1.9] 0.41 

4.8/ 06) 7.9] 1.4] — 

4.0/ 10.1] 8.3] 1.4] 0.49 

5.5} 2.0] 7.5] 1.9] 0.43 

44.5] 16.5] 17.6] 0.2} 8.3] 1.5] 0.58 

42.3) 9.7) 7.0] 2.1] 8.5] 1.1] 0.63 

44 37.3] 9.8] 2.9| 0.0] 7.8] 2.2] 0.45 

43.1 13.8] 12.7] 0.2] 7.9] 1.8] 0.45 

45 | 42.4/13.9| 2.3] 0.9] 8.0] 1.5] 0.50 

43.5] 12.8] 3.8] 0.8] 7.3! 1.6] 0.43 

46 44.2/ 11.1] 1.6/10.9| 8.2] 2.3]0.44 

48.1/ 11.7} 5.4] 0.7] 8.1] 2.3] 0.46 

47 48.4/ 14.0] 4.0] 0.5] 8.1] 1.5] 0.42 

10.8| 6.4] 0.6 
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TABLE 1-A—Concluded 


OBSERVED 
WEIGHT 
TEMPERA- 
TURE 
MILLIONS 
R.B.C 
HEMOGLO- 
BIN 
THOUSANDS 
W.B.C 
POLYS 
LYMPHOS 
TOTAL 
PROTEIN 
ALBUMEN 
GLOBULIN 
FIBRIN 


per cent 


70 
60 


70 


170 
178 


135 
141 


108 | 99 
124 | 98.6 


139 | 101 
158 | 98.6 


fibroid process involving both upper lobes and apices of both lower lobes, 
with marked contraction toward apices and pulling in of ribs. Throughout 
this region are numerous overlapping annular shadows of various sizes and 
dimensions, with practically no discrete densities. A few bronchi toward the 
left diaphragm with slight tenting. March 18, 1927: Marked contraction of 
annular shadows in both uppers, with appearance of numerous very fine dis- 
crete densities throughout both lower lobes. August 16, 1927: Very slight 
clearing of very fine densities described above. December 12, 1927: Further 
contraction, with clearing. December 4, 1928: Further clearing of processes 
in both upper lobes, with marked pulling up of both diaphragms. May 15, 
1929: Still further clearing and contraction, with marked amount of distor- 
tion of the heart and great vessels, pulling in of ribs, and raising of diaphragm. 
Although clearing began before treatment, the greater contraction followed it. 


20 
=} 
48| B | 120| 99 | 4.99 /44.5| 7.7| 6.3] 7.9] 2.3 | 0.53 
A | 98.6] 4.05 6.4| 5.4| 1.5] 7.0] 1.8] 0.42 
49| B | 106| 102 | 4.46] m | 40.0! 13.0] 23.1| 0.3| 8.1] 1.7] 0.55 
A 3.92} 60 | 32.4| 12.9] 27.3] 1.0| 6.3] 0.38 
so| B | 161] 99 | 5.92] 80 | 51.3|17.3| 9.7] 0.7] 1.5] 0.53 
A | 159| 98.66.53} 90 | 51.0] 12.2| 5.1| 0.8! 7.7] 2.0] 0.37 
s1| B | 156] 100 |4.59| 75 | 41.5|18.6| 6.7] 0.4] 1.71 0.50 
A 5.31| — |35.1] 9.8] 2.6| 1.6 1.7 | 0.44 
52| B 100 |5.46| 70 | 44.8]17.0| 2.4] 1.7] 7.9] 1.5 | 0.46 
A 75 |45.0| 10.2] 2.6] 2.8| 7.9] 1.9| 0.32 
53| B 99 |5.25| 75 | 43.8] 16.3| 7.7| 1.2] 8.0] 2.3| 0.39 
A 98.61 4.94| 70 |37.8| 7.4| 2.6] 7.7| 1.7] 0.41 
55| B 4.69| 75 | 47.8| 9.8] 4.3] 0.9] 7.5] 2.0] 0.30 
A 4.99| 75 |46.1| 9.8] 7.4] 0.4] 8.6] 0.31 
56| B 3.19} 60 | 25.6| 11.0] 11.0] 0.9] 8.6] 0.81 
A 4.39] 70 |36.3| 7.1] 7.2] 1.2] 8.4| 1.1 | 0.58 
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TABLE 1-B 


The same as Table 1-A, only showing the general condition, dosage, sputum, X-ray and clinical 
findings 


GENERAL SANO- SPU- 
CONDITION X-RAY REMARKS 


NUMSES CRYSIN TUM 


Act. FA3, fibrocas. & Ulc. Acute hem., failing. z 
4 Qui. Marked clearing, shrink- | 8.25 | Qui., doing well, D. 5| — 
ing yrs. Pn. 


Act. FA2, fibrocas. & Ulc. Chr. 5 yrs. dura. 
8 Qui. Clearing, shrinking Ann. | 9.20 | Disch. Qui., disapp. 3 yrs. 
shadows 


| 


Act. FA3, fibrocas. & Ule. Chr. 2 yrs. dura. x 
Qui. Clearing R., Spreading L. Doing well, work, D. hem. 


Act. Chr. | FA3, fibrocas. & Ulc. Chr. 2 yrs. dura. x 
11 Act. Chr. | Extension of Process 6.20 | Left Inst. unimp., D.| x 
Ariz. 


Act. Acu. | FA2, fibrocas. & Ulc. App. dying on adm. x 
App. Arr. | Closing of Ann. shadows Doing well, work 5 yrs. 


Act. Chr. | FA2, fibrocas. & Ulc. 4 yr. dur., failing. x 
14 App. Arr. | Marked clearing & con- | 9.20 | Disch. App. Arr., D. 4 | — 
traction yrs. 


Act. FA2, fibrocas. & Ulc. Progr., not doing well. 
15 App. Arr. | Marked clearing &shrink-| 4.70 | 1 yr. later App. Arr., L & 
ing W 5 yrs. 


FA2, fibrocas. & Ulc. 1 yr. dura., failing. 
18 Arr. Marked clearing and | 8.95 | Work 1 yr., doing well5 | — 
shrinking yrs. 


2 yrs. San. treat. no impr. 
L & W 5 yrs. later 


FA2, fibrocas. & Ulc. 
Clearing, sl. contraction 


FA3, fibrocas. & Ulc. Dura. 4} yrs., failing. 
21 Qui. Marked clearing 10.00 | Work, doing well, symp. 
fr. 5 yrs. 


Act. FA2, fibrocas. & Ulc. Pleuritis, effusion. x 
23 App. Arr. | Marked clearing & shrink-| 8.55 | Disch. doing well 5 yrs. | — 
ing aft. 


Act. Chr. | FA2, fibrocas. & Ulc. 5 yrs. dura. x 
26 Impr. Increase in annular shad- | 6.40 | Disch.Imp.,D.4yrs.Pn.| x 
ows 


ik 
i 
| 4 
— — 
grams 
t 
i 
9 
13 
x 
i 
wa 
| Act. Chr. x Mie’ 
19 | Qui. 
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TABLE 1-B—Continued 
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SANO- 
CRYSIN 


FA3, fibrocas. & Ulc. 
Clearing and contraction 


FA3, fibrocas. & Ulc. 
Slight clearing, incr. ann. 
shad. 


FA2, fibrocas. & Ulc. 


FA3, fibrocas. & Ulc. 
Clearing & slight con- 
traction 


FA3, fibrocas. & Ulc. 
Clearing & contraction 


FA2, fibrocas. & Ulc. 
Clearing & contraction 


(Not counted in statis- 
tics because it is the 
only minimal case) 


FA3, fibrocas. & Ulc. 
Clearing & contraction 


FA2, fibrocas. & Ulc. 
Marked spread 


FA3, fibrocas. & Ulc. 
Slight contraction and 
clearing 


MA4, fibrocas. & Ulc. 
Marked clearing 


FA2, fibrocas. & Ulc. 
Slight clearing & shrink- 
ing 


grams 


4.45 


7.05 


Rapid progr. 
D. 3 yrs. later, hem. 


Progr. case 
Impr., working, L & W 
5 yrs. aft. 


Not impr. aft. 8 mo. San. 
care. 
Disch. Qui., D. 4 yrs. 


24 yr. dura. 
Doing well, D. 5 yrs. aft. 


Rapid progr. 
Symp. fr., doing well, L & 
W 5 yrs. 


2 yrs. dur., failing. 
Disch. Qui., 3 yrs.-lost. 


Incip. 1 yr. dur. 
Symp. fr., doing well, L 
& W 5S yrs. 


Rapid progr. 
Doing well 33 yrs.—lost 


2 yrs. dura., failing. 
Disch. qui., doing well, D. 
3 yrs. 


2 yrs. dur., progr. 
Doing well, L & W 5S yrs. 
aft. 


2 yrs. dur., progr. 
Doing well, D. Mich. 4 
yrs. aft. 


Progr., failing. 
Impr. 1 yr. aft.—lost. 


| 22 
NUMBER X-RAY | REMARKS 
28 Impr. | x 
Act. x 
30 Qui. | x 
Act. x 
31 Qui. 7.25 x 
Act. Chr. x 
32 Qui. 7.25 x 
33 App. Arr. 9.40 = 
Act. Chr. x 
34 Qui. 9.00 — 
Act. x 
35 App. Arr. 4.00 — 
Act. x 
36 Qui. 6.20 
Act. x 
38 Qui. 6.00 x 
Act. x 
39 Qui. 8.30 x 
Act. x 
40 Qui. 7.30 x 
41 Qui. 7.45 


SANOCRYSIN TREATMENT IN TUBERCULOSIS 


TABLE 1-B—Concluded 


SANO- 


GENERAL 
| CRYSIN 


CONDITION 


NUMBER X-RAY REMARKS 


grams 


Act. 
Imp. 


FA3, fibrocas. & Ulc. 


Slight clearing but exten- | 


sion of Ks. 


FA1, fibroid. 


Clearing & contraction 


FA2, fibrocas. & Ule. 


| Slight clearing 


| MA4, fibrocas. 
| Marked clearing 


FA2, fibrocas. & Ulc. 


FA3, fibrocas. & Ulc. 
Slight clearing but Pnx. 


FA2, fibrocas. & Ulc. 


FA3, fibrocas. & Ulc. 
Clearing & contraction 


FA2, fibrocas. & Ulc. 
Clearing & contraction 


FA2, fibrocas. & Ulc. 


Clearing & contraction 


MAS, fibrocas. 


| Marked clearing 


| MA4, fibrocas. 


Marked clearing 


FA2, fibrocas. & Ulec. 
Contraction, sl. clearing 


Persist. pos., progr. 
Marked clin. impr., L & 


2 yrs. dura., failing. 


8.40 | D. 2 yrs. aft. 


| Not doing well. 
| Work, doing weil, L & W | 


5 yrs. aft. | 


| Prog., failing. 
| D. 6 mo. later, 


Pn. & | 
Mening. 


| Progr., not doing well. 


Disch., doing well, L & W | 
5 yrs. 


| Persist. pos. sputum 
Impr., living 4 yrs. aft. 


| Progr., not impr. 


Impr., steady gain, L & | 
W 5 yrs. aft. 


Rapid progr. 
D. 


Progr., Laryngitis. 
Disch. symp. fr., L & W | 
5 yrs. aft. | 


| Pleurisy, eff. laryn. 


Doing well 5 yrs. later 


| Rapid progr. 
| Doing well, L & W 5 yrs. 


aft. 


W 5 yrs. 


Persist. pos. sput., not 
impr. 
Work steady, doing well, 
L 5 yrs. | 


Rapid progr. 
Doing well, D. 4 yrs. aft. 
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23 
SPU- i 
| 
44 App. Ar. | 9.00 
| 
| | 
| Act. x 
45 | Qui. 9.55 x 
| 
i 
| Act. x 
| Act. x 
47 | Imp. 3.60 | x ea 
| 
| Act. x 
| 
| Act.Acu. | 
49 | Act. 0.85 | x te 
| 
50 App. Arr. 9.62 — 
| Acc. Acu. x 
52. | App. Ar. | 10.15 ~ 
| 
| | 
| | | | Ait 
| Act. | x 
53 Qui. 5.75 | x 
| | | 
| | | 
| Act. x 
55 | Ap.Ar. | 4.35 
| 
56 | Qui. 7.95 x 
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PLATE 6 


Roentgenograms of E. W., observation 13. Just before treatment (April 24 


. 1926) and five months after treatment (December 13, 1926). 
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[D 


085.8 NAMEF 
ATE 


ANOCRYSIN 


TEMP. 


Cuart 4. Observation 8, F. M. Showing the temperature and weight curves, with 
nausea during the course of the creatment and a high temperature reaction after the first 
one-gram dose, but less and less after subsequent doses. 


Tif 


Cuart 5. Observation 13, E. W. Similar to observation 8, but with a more favorable 
result. The decrease in temperature and gain in weight are more marked. Unlike the pre- 
ceding, there was vomiting on two occasions. 


Erief Histories of Patients Not Included in Table 1 

Observation 1: A. F.; acutely ill, 28-year-old Norwegian, with temperature to 
101°F., becoming worse on four months’ sanatorium care. Multiple cavities 
in right upper, activity in left upper, many haemorrhages, ulcerocaseous type, 
far-advanced “B,’’ showed prompt recovery, with clearing of lesions, after 
4.20 gm. of Sanocrysin. Living and working at manual labor six years after- 
ward, but has had exacerbations that have become quiescent. Sputum became 
negative for several years but is now positive. 


Observation 2: E. McC.; acutely ill, 18-year-old, Irish boy, with temperature 
to 102°F. and loss of 26 lbs. Bilateral, far-advanced “‘C,” ulcerocaseous type, 
with enteritis. Markedly improved; temperature became normal after re- 
ceiving 6.5 gm. treatment, but enterocolitis became worse and patient died 
eight months later. 


Observation 3: J. G.; 26-year-old Greek; acutely ill. Fibrocaseousulcerative. 
Diagnosis: Far-advanced “B.” After about 8 gm. of Sanocrysin patient 
improved; temperature became normal; but pneumothorax was attempted, 
without avail, to stop spread of disease. Died one year later. 
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Observation 5: J. S.; 16-year-old Italian, acutely ill, far-advanced “‘C”’, ulcero- 
caseous type; had many large haemorrhages, also endocarditis. Could not 
tolerate treatment; only 0.6 gm. was given in four doses. Died six weeks 
later. 


Observation 6: J. G.; 28-year-old Pole; far-advanced “C”; ill one year. 
Fibrocaseousulcerative; temperature to 103°F.; laryngitis. Could not toler- 
ate treatment. Received only 0.6 gm. in four doses. Died four months 
later. 


Observation 7: E. F.; 17-year-old Norwegian; acutely ill; far-advanced “B’’; 
fibrocaseousulcerative type; temperature to 100°F. Given 4.5 gm. Sanocry- 
sin. Developed albuminuria persisting ten days. Clinical improvement, 
with some clearing of X-ray shadows. Sputum became negative; then again 
positive. Began to fail after a year and died 14 years after. 


Observation 10: M. B.; 22-year-old Irishman; acutely ill; far-advanced ‘‘C’’; 
ulcerocaseous type, with temperature to 102°F. and traces of albuminuria. 
Two doses of 10 cgm. given, with increase in albuminuria; then four doses of 
5 cgm. each given; total 0.40 gm., but further treatment was useless. No 
improvement. Died shortly afterward. 


Observation 12: R. A.; 21-year-old Mexican; fibrocaseousulcerative, far- 
advanced “B’’; temperature to 100°F. Given 6.65 gm. Sanocrysin. Im- 
proved, and left the Institution, but died four years later. 


Observation 16: R. H.; 26-year-old American; acutely ill; far-advanced “C”’, 
with pleurisy with effusion; endocarditis; temperature to 104°F. Two doses 
of Sanocrysin of 10 cgm. each given, but patient developed signs of meningitis 
and died. 


Observation 17: H. F.; 42-year-old American; chronic fibroid, with ulcerocaseous 
lesions; temperature to 101°F. Could tolerate only 1.0 gm. in small doses. 
Died: meningitis. 


Observation 20: C. E.; 31-year-old Swede; acutely ill, with tuberculous glossitis 
and laryngitis; far-advanced “C.” One and eight-tenths grams of Sano- 
crysin produced no improvement. Died six months later. 


Observation 22: M. C.; 21-year-old Negro; chronic tuberculosis with fresh 
lesions and spontaneous pneumothorax; far-advanced “C”; temperature 102°. 
Given 3.4 gm. Sanocrysin. Some improvement, with depression of tempera- 
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ture and gain in weight, but enterocolitis developed, and patient died of spon- 
taneous pneumothorax two months later. 


Observation 24: P. L.; 30-year-old Irishman; subacute, fibrocaseous ulcerative, 
far-advanced “C.” Patient could tolerate only 1.45 gm. Sanocrysin. Died 
a year later. Autopsy performed. 


Observation 25: W. C.; 17-year-old Scotchman; subacute, with laryngitis and 
pleurisy; fibrocaseousulcerative, far-advanced “C’’; temperature to 103°F. 
Could tolerate only 1.2 gm. Sanocrysin. Died two months later. 


Observation 27: R. K.; 25-year-old Pole; chronic fibrocaseousulcerative; 
pleurisy with effusion; far advanced “‘C”. Was given 7.2 gm. of Sanocrysin; 
improved; but developed a spontaneous pneumothorax that ultimately led 
to patient’s death. 


Observation 29: T. McK.; 41-year-old Scotchman; chronic fibrocaseousulcer- 
ative; far-advanced “B”’; 4 plus Wassermann. Given 3.15 gm. Sanocrysin, 
with slight improvement. Wassermann became negative, and disease quies- 
cent, but patient was lost track of. 


Observation 37: A. R.; 42-year-old German; chronic fibrocaseousulcerative; 
far-advanced “B;” temperature to 101°F. After 3.85 gm. Sanocrysin pa- 


tient developed severe arthritic pains, with exhausting sweats and loss of 40 
lbs. Finally regained weight, and made complete temporary recovery, but 
after four years of apparently good health died of meningitis. 


Observation 42: R. J.; 17-year-old Swede; acutely ill; ulcerocaseous type, with 
enterocolitis; far-advanced “C”; temperature to 101°F. Tolerated 7.50 gm. 
well and pulmonary condition improved, but enterocolitis became worse. 


Died four months later. 


Observation 54: A. L.; 23-year-old Swede; chronic, fibrocaseousulcerative; 
far-advanced “C”; temperature to 102°F. Tolerated only 2.0 gm. Sanocry- 
sin. Developed enteritis and laryngitis, and died within six weeks. Autopsy 


performed. 


Observation 57: W. R.; 34-year-old Swede; chronic fibrocaseousulcerative; 
far-advanced “B”’; temperature to 99°F. Received 8.5 gm. Sanocrysin; made 
remarkable improvement, with contraction and closure of cavities and com- 
plete clinical and pathological arrest. Living and well five years later. 
Arrested. 
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Observation 58: A. W.; 26-year-old German, with subacute disease; fibro- 
caseous ulcerative; pleurisy with effusion; far-advanced “B.” Given 5.20 
gm. Sanocrysin, with clearing of fluid, physical findings, and small X-ray 
shadows. Contraction of cavities, with clinical arrest. Living and well 
five years later. Quiescent. 


Observation 59: J. M.; 40-year-old American, admitted as moderately advanced 
“B” case. Had syphilis. Became far-advanced “C”, fibrocaseousulcera- 
tive; temperature to 101°F. After about 2.0 gm. Sanocrysin developed per- 
sistently high temperature reaction to 103°F. Treatment discontinued. 
Died about one year later. 


Observation 60: M. W.; 19-year-old Irish boy with acute tuberculosis. Cer- 
vical adenitis and pleurisy with effusion; ulcerocaseous; far-advanced “‘C.” 
Given 3.5 gm. Sanocrysin. Temperature became normal, but with little 
or no clearing by X-ray. Soon afterward developed symptoms again and 
died short time later. 


Observation 61: P. S.; 34-year-old Swede; subacute, fibrocaseousulcerative; 
multiple haemorrhages; moderately advanced “B” on admission, that became 
far-advanced “C.” Treated as salt-solution control for three months without 
favorable effect. Received 9.60 gm. Sanocrysin, became symptom-free and 
quiescent, but died six months later of severe haemorrhages. 


Observation 62: A. D.; 21-year-old Jew; chronic, fibrocaseousulcerative; far- 
advanced “B”; temperature 97°F —99°F. Period of salt-solution control 
without result. Given full course of Sanocrysin, when temperature became 
normal, and X-ray shadows and physical findings improved. Living and 
fairly well five years later. 


Observation 63: J. C.; 30-year-old Irishman; subacute disease; fibrocaseous- 
ulcerative; far-advanced “B”; temperature to 101°F.; several large haemor- 
rhages. Given full course of treatment, with resulting normal temperature, 
gain in weight, and clinical improvement. Died four years later in Speedway 
Hospital, Chicago. 


Observation 64: F. K.; 34-year-old German; subacutely ill; far-advanced 
“B”’; fibrocaseousulcerative type; temperature to 101°F.; no improvement 
as salt-solution control. Given full course of Sanocrysin, resulting in normal 
temperature, and clearing of physical findings and X-ray shadows. Living 
and well five years later. Arrested. 
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Observation 65: C. H.; 25-year-old American; chronic, far-advanced “B”; 
old pleurisy with effusion; temperature to 101°F. Salt-solution control 
without improvement, followed by 10 gm. Sanocrysin, with marked improve- 
ment, but patient left suddenly and was never again located. 


A summary of all treated patients is recorded in tables 2 and 3, which 
show the condition on discharge of moderately and far-advanced treated 


patients. 
TABLE 2 


Condition on discharge of treated moderately advanced patients 


CONDITION 


Apparently 
arrest 


Quiescent Improved | Unimproved Died 


2 
40 


After 5 years: 4 living and well, 80 per cent. One dead after 3 years, 20 per cent. 


TABLE 3 
Condition on discharge of far-advanced treated patients 


CONDITION 


Soney Quiescent | Improved | Unimproved Died Total 


5 
8.2 


24 
39.3 


5 
8.2 


18 
29.6 


61 
100 


47.5% 


37.8% 


100% 


62.2% 


37.8% 


100% 


The condition of the far advanced patients after five years is shown in 


table 4. 


TABLE 4 


Far-advanced cases after five or more years 


LIVING AND WELL 


LIVING BUT 
NOT WELL 


DEAD 


Apparently 


arrested Quiescent 


Improved 


2 to4 
years 


1 to2 
years 


4to6 
years 


11 8 
19.7 14.2 


1 4 
1.8 7.1 


9 
16.1 


33.9% 


25.0% 


37.5% 


62.5% 


Five lost. 


= Total 
2 1 0 0 5 
Percent...........| | 40 20 0 0 100 
14.7 
14.7% 
| | | 
TOTAL 
Number...... 2 21 S| 56 
Per cent...... 3.6 37.5 100 
| 3.6% | 37.5% | 100% 
| 100% 
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Others will perhaps break down as years go by, but we feel that the 
19 quiescent and arrested patients are for the most part permanently 
benefited. Of the 62.2 per cent improved on discharge, only 37.5 per 
cent remained so after five to six years. This is similar to the results of 
Stub-Christiansen (30). 

Let it be said that there were about 10 patients who showed a tempo- 
rary improvement during and after treatment, but who faded away too 
soon to be considered as benefited or to show as such in the records. 

There are five patients originally selected as far advanced, who have 
been placed in the moderately advanced group (table 1). At no time 
in case no. 40 was the clinical diagnosis more than M. A. B., even at the 
time of treatment. There were, however, one or more moderate-sized 
cavities, but the X-ray diagnosis was of the earliest type of far-advanced 
or F. A. 1 (when rated from 1 to 4 in severity), and there were no com- 
plications. Nos. 44, 46, 53, and 55 were classed as moderately advanced 
for the same general reasons. 

In table 5 the condition of treated patients on discharge and that after 
five years are compared to matched controls where all patients were 
selected as nearly alike as possible. 


TABLE 5 
Of 66 treated cases and 61 controls 


IMPROVED WORSE OR DIED 


Treated Controls Treated Controls 


On discharge 
42 15 24 46 
63.6% 24.6% 36.4% 75.4% 


IMPROVED, LIVING 


5 years afterward: 61 treated; 55 Treated Controls Controls 


controls 25 7 48 


41.1% 12.7% 87.3% 


* Counting 3 lost cases, discharged as F. A. A. 


The apparently arrested and quiescent treated patients who were 
admitted as far advanced were 32.5 per cent of discharged treated pa- 
tients, while the statistics, for the same factors, of the institution for 8 
years for the same groups were only 6.2 per cent. These figures are 
shown in tables 6 and 7. 
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TABLE 6 
Condition on discharge of patients admitted with a far-advanced diagnosis 


Treated Apparently Arrested + Quiescent Far-Advanced (12 | 32.5% 
cases) 

Untreated last 8 years Apparently Arrested + Quiescent Far-Advanced (12 | 6.2% 
cases) 


TABLE 7 
Sputum findings on treated patients after five years 


4 moderately advanced Negative; 100% of living 80% of all treated 


cases 
15 far-advanced cases Negative; 68.2% of living 24.6% of all treated 


There has been much discussion regarding the type of case best suited 
for treatment. Faber (31) speaks in favor of acute types or those in- 
volved less than a year, while Brodiez and Lefévre (16) and Watanabe 
and Sato (6) speak strongly in favor of fibrocaseous types. It seems 
that they have all missed the point. It does not seem to us to be a 
matter of duration or stage of disease, so long as the disease is not over- 
whelming and there are relatively recent, discrete tubercles, all of which 
mean “reactability” on the part of the patient. Our results show an 
equal percentage in acute and chronic forms (not old fibroids), with 
practically negative results in far-advanced “‘C”’ patients. 

Of 10 F.A.C. cases of less than a year, averaging 8.7 months’ duration, 
one is living and well, and one quiescent on discharge, but dead in four 
years, while eight died soon after treatment. Of nine F.A.C. cases, of a 
duration of more than a year, and averaging 31 months, one is living and 
well, one was discharged improved but died within six months, while 
seven died within a few weeks to a few months after treatment was 
started. Of the F.A.A. and F.A.B. cases table 8 reveals also that the 
duration of the disease has little or nothing to do with the recovery. 


TABLE 8 


APPAR- 
ENTLY IM- UNIM- 
ARREST- PROVED | PROVED 

ED 


{| Number 


Per cent 


Less than 1 year: average 8.4 
months 


More than 1 year: average 27.8 Number 


months Per cent 


32 
| | TOTAL 
3 5 0 1 2 11 
27.2 45.5 | 0 9.1 | 18.2 | 100 
2 |13 6 2 | 1 24 
8.4 | 54.1| 25.0] 8.4] 4.1| 100 
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Of the 5 patients lost, one was apparently arrested after three years; 
one was in excellent condition, quiescent after two years; one was living 
but not well after three years; one was living but not well after one year; 
and one was becoming quiescent under treatment but disappeared from 
observation. There is every reason to believe that at least two of these 
men are living and well at present. The percentage, therefore, will not 
be affected much either way. 


POSTMORTEM FINDINGS 


Although 6 autopsies were performed, only a few of the important 
facts will be cited in this report from three of them. 


Patient M. D.: Autopsy no. 219, died after receiving 1.65 gm. of Sanocrysin 
(treated by Dr. Fremmel). The concentration of gold in decreasing order in 
the various organs was analyzed by Drs. Lucille McCluskey and Lillian 
Eichelberger, and found to be as follows: Kidney 1 mgm. in 5.2 gm. tissue; 
adrenals 1 mgm. in 12.0 gm. tissue; spleen 1 mgm. in 17.0 gm. tissue; gall- 
bladder and contents 1 mgm. in 20.0 gm. tissue; liver 1 mgm. in 29.0 gm. tis- 
sue; lung (caseous) 1 mgm. in 30.0 gm. tissue; lung (noncaseous) 1 mgm. in 40.0 
gm. tissue; pancreas 1 mgm. in 130.0 gm. tissue; and heart 1 mgm. in 137.0 
gm. tissue. 


Patient T. B.: Observation no. 45; autopsy no. 234 (see previous descrip- 
tion); received a full course of treatment—9.55 gm., and was feeling well and 
ambulant, when he was suddenly stricken with an acute meningitis and died. 
A large diphtheroid bacillus was obtained from the lungs and meninges. No 
tubercle bacilli, however, were found in the meningeal fluid. Healing tubercles 
were everywhere throughout the lungs, as indicated by the heavy fibrous 
walls and a dense pericapsular vascular network. There was an acute 
terminal pneumonia. 


Another patient of Dr. Loren Wilder’s, treated by one of us (H), recovered 
from the acute stages of her disease, but there were immense bilateral apical 
cavities that prevented complete recovery. The patient died four years later 
of amyloidosis of all the parenchymatous organs. There was a marked healing 
of many tubercles, with apparently entire resorption and fibrous replacement 
of others. Here again the pericapsular vessels were numerous. Certain 
tubercles were only quiescent. 


TYPES THAT MAY BE TREATED, WITH MODE OF PROCEDURE FOR EACH 


Acute Exudative Types, with or without Ulceration: In the acute, but 
not overwhelmingly exudative types of disease, with or without cavita- 
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tion, the initial doses of from 5 to 10 cgm. should be given and the patient 
carefully watched. There is within a few hours, in some cases, a slight 
rise in temperature and a slight increase in expectoration lasting for 24 
to 48 hours. In four or five days the injection may be repeated, unless 
there is a high temperature due to the drug. The treatment must be 
discontinued as soon as the patient begins to show a persistent elevation 
of temperature following each injection, or nausea, vomiting, cutaneous 
eruptions, diarrhoea, marked loss of weight, etc. In some cases it has 
been necessary to wait from eight to ten days, sometimes longer, before 
the second dose could be given. Further injections must not be given 
until the symptoms from the previous injection have entirely subsided. 
It has been our experience that a 10-cgm. dose, given for two to four 
injections, without reaction, may be doubled. After 20 cgm. have been 
given for three to four times, the dosage may be increased to 30 cgm. and 
then to 40 and 50 cgm., gradually increasing the time between the in- 
jections to six or eight days. By this time the patient is usually symp- 
tom-free, with normal temperature, negative sputum, and without cough 
and expectoration. 

Fibrocaseous Types, with or without Ulceration: In fibrocaseous types 
of tuberculosis the symptoms are usually less severe, and the toxaemia 
usually less than in the preceding group. The patient has passed the 
severe illness of the acute exudative stage, but still there may be an active 
and progressive disease with extensive bilateral involvement, cavitation 
in one or both lungs, moderate toxaemia, irregular fluctuating tempera- 
ture, rapid pulse, persistently slow loss of weight, positive sputum, and 
very often haemoptysis. If no severe complications or contraindications 
exist, as before mentioned, Sanocrysin may be given in increasing doses 
at shorter intervals, beginning with 10 cgm. every two to three days, and 
then increasing to 25, then 35 and finally 50 cgm. As the dose increases, 
the interval between injections should be lengthened to six or eight days. 
If any sign of toxaemia follows any injection, no further injections may 
be given until all signs of the reaction have entirely disappeared. It is 
advisable to wait two or three days longer before repeating the same 
dose. If the reaction is severe, slightly less, or even one-half, of the 
original dose should be tried, depending upon the extent of reaction. 
Contrary to the experience of many European workers, this group has 
afforded our most striking recoveries. 

Fibroid Types: Chronic fibroid cases of years’ standing may be treated 
with little or no reaction. The same rule should be followed in increasing 
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the doses, but a greater quantity is usually required to obtain any notice- 
able effect. We do not feel, however, that a great deal is gained in 
treating this type of case, except for the stimulation and contraction of 
fibrous tissue. Treated cases of this type show an increase in fibrosis, 
with many times extreme contraction. In addition, there is usually an. 
increase in appetite and gain in weight, and the patient seems to feel 
better. There is often a cessation of cough and expectoration, and 
sometimes a negative sputum is found, that usually becomes positive 
again. We have observed a number of these patients go along quite 
well for some years, but, as time passes, they become more dyspnoeic 
than is usually seen in the untreated types of the disease. This is, per- 
haps, due to the excessive fibrotic contraction. 

Reactions: The reactions and complications of Sanocrysin will be very 
slight and the danger small, if proper dosage is used. When severe 
reactions occur, it is almost always the result of wrong dosage. The 
so-called “shock” is apparently overdosage, due to supersaturation with 
the drug. We rarely ever find it necessary now to exceed 50 cgm. We 
have in a few instances seen moderately severe febrile gastrointestinal 
and cutaneous reactions, and of the oral mucous membrane, during the 
first part of our work. At that time we had a tendency to give large 
doses. 

A trace of albumin and casts have been found in most cases. Rarely 
was there a great amount of albumin, and in no case have we had severe 
and persistent albuminuria with evidence of permanent damage to the 
kidneys. 

Temperature reactions occur usually in the early part of the course of 
treatment, depending on the dosage used. Secher, in his work, describes 
various types of temperature, depending on the dose given, and the 
pathological-anatomical condition of the patient. The extreme tem- 
perature reactions that he speaks of should not occur, and we are fully 
convinced that such reactions are due to overdosage. Therefore, as 
stated before, Sanocrysin should be used only by one who understands 
how essential is a slow, small, and carefully administered dosage, as well 
as the disease tuberculosis. 

Gastrointestinal disturbances may occur immediately following an 
injection, particularly if the injection is done shortly after a meal. 
When small and slowly increasing doses are given, rarely are there any 
disturbances. The patient may have, in some cases, a slight sensation 
of nausea, but hardly ever vomiting, even when 50-cgm. or one-gm. doses 
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are given, if given on an empty stomach. Persistent nausea, and vom- 
iting have been discussed in the literature, but we have never observed 
this phenomenon in any of our series of cases, and believe it is evidence 
of improper administration. 

Diarrhoea may occur for several days following the injection of as 
much as 50 cgm. or more, but it is usually easily controlled if due to 
Sanocrysin by the usual remedies, such as bismuth, calcium and the 
opiates. If due to tuberculous enterocolitis, and persistent, Sanocrysin 
must be discontinued until the diarrhoea has stopped, and then given 
only in small doses and at longer intervals under careful observation. 
The number of stools is less important than the consistency of the stools. 
We often hear patients state that their bowels are in good condition 
with two or three movements daily, but, when inquiring as to the consist- 
ency, this is persistently watery. 

Cutaneous reactions usually appear in the form of urticaria, more or 
less severe on the face and hands, and lasting for from 24 to 48 hours, 
rarely more. The itching may be quite severe, but is usually relieved 
by symptomatic treatment, alkali baths, and sodium-hyposulphite 
solution, applied locally. We have on one occasion seen a patient 
develop an exfoliative dermatitis following the injection of one gram of 
Sanocrysin, beginning with a scarletinaform rash with severe itching, 
and in the course of two or three days becoming an exfoliative type of 
dermatitis. The rash cleared in about three weeks. The treatment was 
then continued with 50 cgm. This again was followed by severe itching 
and slight exfoliation. The treatment was then discontinued, the 
patient having received 3.60 gm. (observation 47). 

In two additional cases, both young women, we have seen severe 
erythema following the first injection of 10 cgm. This cleared up during 
the course of three or four days, leaving no ill effect. No further treat- 
ment was attempted as we consider this evidence of an idiosyncracy, and, 
if the treatment is continued, in such cases more severe reactions are most 
likely to occur and do harm. 

Slight attacks of itching and at times urticaria, if it disappears in a 
day or two, may be disregarded, provided the patient feels well otherwise. 
It may appear in a light’form, following the first two or three injections 
in small doses. If so, the doses should not be increased until it dis- 
appears entirely, and until it does not recur following the injections. It 
is then safe to increase the doses slowly. 
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Stomatitis, in a mild form, is sometimes seen accompanying the 
cutaneous injection; rarely does this become severe, and the patient 
may not complain of any discomfort. However, it should be looked for 
following each injection, particularly if the patient complains of itching. 
We have seen one case with severe salivation following the injection of 
one gram. It cleared up in the course of a few days, however, leaving 
no ill after-effects. We believe this due to too large or too frequent 
dosage, and it can be avoided by regulating the doses according to the 
patient’s tolerance. In spite of the fact that Secher attributes these 
reactions to a “‘tuberculin effect,” their resemblance to metallic poisoning 
is too close to rule this out entirely. The fact that normal people do not 
react does not matter. Normal people can tolerate many things that 
sick ones cannot. Even syphilitics react strongly. The evidence thus 
far cannot rule out some metallic effect on new and sensitive granulation 
tissues, as well as focal effects. 

Mild forms of arthritis have been reported. We have had a few occa- 
sions when the patient has complained of some pain in the joints, al- 
though at no time severe enough to require any treatment. This occurs 
when the patient has had attacks of rheumatism or chronic arthritis 
before, due to other causes, and it is.never severe. However, it is to be 
mentioned as a mild reaction. 

One patient developed a syndrome simulating shingles in the lower 
lumbar region, with intense pain. It gradually cleared up. 

Contraindications: Sanocrysin should not be given to patients with 
overwhelmingly acute types of disease, in a state of cachexia, in terminal 
stages, in cases with severe cough, profuse expectoration, night-sweats, 
dyspnoea, anorexia, nausea and vomiting, insomnia, extreme nervous- 
ness, persistent diarrhoea due to enterocolitis, albuminuria or haema- 
turia, renal tuberculosis, amyloidosis, meningitis, or active syphilis. 

Although syphilis was at first considered a contraindication, it is not 
considered so at present by Secher (11) and others. One of our patients 
(no. 29) had a four-plus Wassermann reaction that cleared up after the 
treatment. We have wondered what might have been the nature of this 
action. 

By Whom Should Sanocrysin Be Given: To avoid serious results, the 
contraindications must be recognized and ruled out by a physician who 
is thoroughly experienced in tuberculosis work as well as a knowledge of 
the dosage and administration of the drug. 
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CLINICAL MANAGEMENT 


1: Preparation of the Patient: In the selection of patients for treat- 
ment, careful physical, X-ray and laboratory examinations should be 
made. Urine specimens should be examined daily for several days for 
albumin, sugar, casts, blood, etc. The usual red, white, haemoglobin, 
and differential blood counts are useful, as well as a red-cell sedimenta- 
tion reading. The sputum should be weighed, its nature recorded, and a 
microscopic examination for acid-fast bacilli made. Only definite 
tuberculosis patients should be treated. 

2: Dosage: Although at first we used rather large doses, carefully 
approached, we feel that the general plan stated in preceding pages is 
as good and is with less risk. Each patient, therefore, is a law unto 
himself. 

The system of dosage we have followed is perhaps more like that ad- 
vocated by Permin for the first part of our series, but at present we feel 
that it is not always necessary to go to one-gram doses. This is more 
like the plan first advocated by Bogason and followed by many others, 
yet not identical with any. Our plan, if it can be called such, is to begin 
with dosage as small as each type of patient requires and to increase this to a 
limit of 1 cgm. per kilo without producing any shock, or nervous, skin, 
gastrointestinal or temperature reactions of consequence, and to wait until 
such effects from previous injections entirely subside before giving any more. 
In this way the tissue-saturation point may be reached and maintained 
without any untoward symptoms or permanent ill effects. 

For example, a temperature rise of two degrees; a mild urticaria; mild 
nausea; mild diarrhoea or other such symptom will guide the time of 
interval, as well as the subsequent dosage. Marked reactions should 
not be had, but if they appear the patient must be allowed complete 
recovery before proceeding again. 

3: Method of Administration: Sanocrysin is best administered in 
sterile normal salt solution, in which it will dissolve readily. Sterile 
distilled water may be used, but it has been our experience that the 
patient feels fewer ill effects if salt solution is used. To dissolve 10 cgm. 
of Sanocrysin, 3 to 4 cc. of salt solution is used. For 50 cgm. of the 
drug, 10 cc. is sufficient. By the time 50 cgm. is reached, the patient 
has developed more tolerance and the effects are less. The salt is easily 
dissolved. It is convenient to dissolve it in the ampule after breaking off 
the top and then drawing it back into the syringe. If this is done care- 
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fully there can be no contamination. If a 5- or 10-cc. syringe and 23- or 
24-gauge needle are used, and the injections are given slowly, there is no 
immediate effect except a slight sensation of nausea. The injection is 
given intravenously and care must be taken not to inject it into the soft 
tissue. A small amount outside the vessel will cause severe pain, burn- 
ing, and at times sloughing of tissue. The usual sterile technique used 
for intravenous medication must be followed. Injections are given on an 
empty stomach, preferably about 100ri1a.m. If this is done, digestive 
disturbances are rare. If the injection is given after a meal, it will often 
cause nausea and vomiting. This precaution is very important, partic- 
ularly in cases with ulcerative laryngitis and painful deglutition, when 
the patient has a hard time swallowing his food. 

4; After-Care: The patient must at first be on absolute rest, but, as the 
temperature and pulse become nearly normal and the patient is not so 
acutely ill, toilet privileges are usually permitted and he may sit up for 
meals. No dietary restrictions are necessary except in cases with 
gastrointestinal disturbances, nausea, vomiting, or at times diarrhoea, 
when symptomatic treatment should be given. 

Of even more importance is late after-care. Patients should be com- 
pelled to follow out regular rest treatment as if no drug were given, be- 
cause in many instances the arrest is only temporary, with perhaps a 
very thin wall of tissue built around the tubercles that may easily be 
broken down on exertion. There were several of our patients who would 
more likely be well to-day instead of dead had they adhered to this 
principle. Many of them went back to hard labor, or dissipated in one 
way or another as if they were entirely well, with the result that they 
broke down again. 


ROENTGENOGRAPHIC CHANGES 


The patients who showed clinical improvement usually revealed 
marked and rapid changes in X-ray shadows, many of which were of a 
complete and permanent nature, while others were only partial. Some 
markedly favorable changes may be confined to one region, while in other 
places the process may be stationary or even progressive. Even in 
patients who have ultimately failed, there are usually some temporary 
changes in the X-ray shadows that are usually considered favorable. 
The changes are of several types: (1) a clearing of the small discrete 
densities (tubercles); (2) a marked increase of fibrous density around 
and between cavities and along bronchi, followed by (3) a rapid con- 
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traction and disappearance of annular shadows in manner and speed, 
rarely ever seen on ordinary treatment. There were no acute types 
that showed a sudden and marked clearing of exudate within the lung 
or pleura that are occasionally misinterpreted, because the X-ray sha- 
dows appear more dense than the pathological process actually reveals. 
Occasionally there is a favorable course for a few months after treatment; 
then a reactivation of one of the lesions or the appearance of a new focus 
elsewhere in the lung. We feel that many of these reactivations could 
be obviated if the patients could be made to realize that the improve- 
ment is only a temporary process at first and that the usual hygienic 
treatment must be followed as though no treatment were given. Fur- 
thermore, we are unable to predict what effect a second course of treat- 
ment may have on such patients because we have only given single 
courses. Smith (21), in England, reports favorably on repeated courses 
of treatment. Many patients have returned, appearing in good weight 
and condition all out of proportion to the X-ray findings. 


LABORATORY FINDINGS 


One of the most striking observations from the laboratory standpoint 
is the marked change in form and numbers of tubercle bacilli and the 
rapid disappearance of sputum in certain patients. Many granular 


bacilli make their appearance soon after treatment is begun and the 
numbers of bacilli become less. Many times they reappear again long 
after treatment is concluded. Albumin and casts in the urine should be 
watched with great care. Needless to say, any form of nephritis is a 
contraindication for treatment. Large doses frequently cause albumi- 
nuria and the appearance of small fragile casts, neither of which need 
be alarming if the dosage is watched and other precautions are adhered 
to. 

The condition of the liver is also of much importance. Amyloid, 
for example, is contraindicated. The third autopsy report shows a 
clinical quiescence of advanced tuberculosis but a slowly yet surely 
downward progression due to amyloidosis. 

The blood changes of importance are the marked sudden increase 
of the monocytes, the gradual decrease of polymorphonuclears, and 
gradual increase of lymphocytes. The most significant feature seems 
to be the stimulation of monocytes which is closely related to the epithe- 
lioid cells around the tubercle. The red-cell volume increases as well 
as the haemoglobin. Chemically, the most important change is in the 
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proteins. There is a marked shift in the protein quotient (albumin- 
globulin) from a figure approaching or below 1.0 to a normal figure 
around 2.0. This change, while surely not specific, is sensitive and an 
excellent guide in treatment. The fibrin findings are also a good prog- 
nostic guide because fibrin seems to be present in proportion to active 
diseased tissue and it seems to decrease as this tissue disappears. A 
figure of about 0.6 per cent is about as high as is compatible with recov- 
ery, while 0.2 per cent is about normal. 


DISCUSSION 


Based on the numerous reports from all over the world, as well as our 
own work, the status of Sanocrysin treatment may be briefly stated. 
It seems quite probable that, in spite of its lack of bactericidal effect, 
Sanocrysin causes a stimulation of all cells entering into the formation 
of chronic inflammation and healing; that when such tissue has already 
been formed little good can be expected (old fibroids); but that in acute, 
subacute, or chronic fibrocaseous types in which there are relatively 
recent discrete tubercles, the recent lesions may be favorably affected 
provided (1) the patient is not overwhelmed with toxicity, (2) that he 
has not too many complications, and (3) that his lesions are not too 
diffuse and extensive in character. The work of Levinson and Petersen 
(31) in lymph-fistula tuberculous dogs can well be used to explain much 
of the clinical effect. They found that the lymph-flow following Sano- 
crysin injections was first increased, and then totally stopped, presum- 
ably due to an “exhaustion” decrease in permeability of the endothelial 
cells. This effect translated to human tuberculosis may be expressed 
by an “opening up,” and then a “locking of the tubercle,” due to a 
decrease in the permeability of the epithelioid-cell layer around the 
tubercles from exhaustion. The ultimate building of a thick cell-cap- 
sule around the tubercle subsequent to this seems to be the most im- 
portant factor in a successful result. It is not to be denied that, during 
the assault upon the tubercle, some tuberculin is liberated, but it seems 
that the principal action is more a metallic effect on the new cells, both 
as a stimulant and an irritant. It seems to resolve itself to this “re- 
actability,” so far as prognosis is concerned. If the bacilli are too 
virulent or the reactability too low to form encapsulated tubercles, the 
drug will only aggravate the symptoms without affecting the scattered 
bacilli. If the lesions are reasonably discrete, the action can be ex- 
plained on the basis of (1) isolating the smaller tubercles by a fibrous 
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capsule, or (2) the larger areas by excavation, followed by fibrosis and 
contraction. 

The dense pneumonic types, however, that are frequently seen to 
clear up with or without treatment, are those in which there is exudative 
inflammation with little specific tissue or diffuse caseation (so-called 
“epituberculosis” and certain “juvenile” types). These will respond 
and appear to make striking recoveries because the few scattered tubercles 
have been “locked,” while the exudates are soon resorbed. Pleuro- 
pneumonic types also clear up promptly, and the results are likely to be 
misleading because the clearing of X-ray shadows of the fluid and exu- 
date are out of all proportion to the diseased lung tissue. True tuber- 
culous pneumonia, however, is another matter. Here the bacilli are 
numerous and disseminated so that the cellular defense is lacking. The 
result is either nil or a sloughing of the caseous tissue. 

The net result of Sanocrysin treatment seems to be that in a rather 
large number of patients (approximately 50 per cent immediately and 
30 per cent permanently) there is brought about a rather sudden cessa- 
tion of symptoms, with a shortening of convalescence and an apparent 
prolongation of life. This is shown by a decrease of sputum and dis- 
appearance of bacilli; a favorable change in the blood proteins; a marked 
stimulation in fibrogenetic tissue, with consequent fibrosis and con- 
traction of perifocal tissue to the point of cavity closure, as indicated by 
the X-ray, and, finally, a true clinical recovery. 

There is no doubt that the first claims of the authors were too opti- 
mistic; that the therapia magna sterilisans idea is wrong. In fact, there 
is little to show that the drug affects the germs directly in the human 
body. Neither does there seem to be any need for, or reason to use the 
antiserum. Although there is no doubt a slight bacteriostatic effect 
that cannot well be demonstrated, the principal effect seems to be the 
indirect one as a stimulant to the reticuloendothelial system and fibro- 
genetic tissue. There seems to be a “locking of the tubercle,” as 
Levinson and Petersen’s work indicates, and this coincides with an 
earlier opinion of Sweany and Evanoff (32) in stating that the favorable 
reaction seemed to depend upon the patients’ ability “to react.” This 
is borne out by the blood changes, particularly the increase in monocytes 
following the treatment. 

The most important question yet is the establishment of criteria for 
the selection of patients who will respond to the treatment. Although 
we have watched the course in a large number of patients, we are still 
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unable to predict with exactness the outcome, and can give only the 
important indications. In a general way we feel that the patients, 
who have become adjusted to modern life, who reveal a definite reaction 
to the disease without being overwhelmed, who have few or slight com- 
plications such as extrapulmonary lesion or other complicating diseases, 
and who have not diffuse lesions of either a primary or a secondary type, 
will respond favorably even if the progress is downward and involvement 
extensive. The ultimate result depends principally on, first, the quality 
and extent of involvement at the beginning of treatment and, second, 
the after-care. 

The psychic effect of any drug therapy in tuberculosis is practically 
nil so far as anything permanent or demonstrable by clinical or laboratory 
means is concerned. 


SUMMARY 


The results of Sanocrysin (gold-sodium-thiosulphate) treatment are 
reported in 5 moderately advanced and 61 far-advanced tuberculous adult 
male patients. 

Of 5 moderately advanced patients, two became apparently arrested, 
two quiescent, and one improved on discharge. Four are living and 
well five or more years afterward (arrested, if not apparently cured) 
(80 per cent), while one died after three years. 

Of 61 far-advanced patients (consisting of three far-advanced ‘“‘A”’, 
39 far-advanced “B”’, and 19 far-advanced “C’’), 5 were apparently 
arrested, 24 quiescent, 9 improved, 5 unimproved, and 18 were dead on 
discharge, while five or more years afterward 11 were apparently arrested 
(if not arrested or apparently cured), 8 were quiescent, 2 improved 
(living but not well), and 5 were lost, while 35 were dead in from a few 
weeks to six years. There were 37.5 per cent living, and 33.9 per cent 
living and well. 

Of a group of matched controls only 24.6 per cent were improved on 
discharge, and 12.7 per cent were alive after five years, counting 3 
patients discharged as far-advanced “A’’, but lost. Of the patients 
admitted as far-advanced, 32.5 per cent of the treated were discharged 
as apparently arrested or quiescent, while the statistics of the Institu- 
tion for eight years gave only 6.2 per cent for the same groups. 

The sputum findings were negative in 4 living moderately advanced 
patients (100 per cent) and 15 far-advanced patients (68.2 per cent). 
Only two of 19 treated far-advanced “C”’ patients are living at pres- 
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ent (10.5 per cent), two of three far-advanced “A” (66.7 per cent), and 
17 of 39 far-advanced “B” (43.5 per cent). 

The duration of the disease does not seem to be as important as the 
presence of an unknown “reactability” in the patient. The ability to 
“react” on the part of the cells around the tubercle, leading to better 
encapsulation, seems to be the secret of successful recovery rather than 
any direct action on the tubercle bacilli. This direct action is practi- 
cally nil, as shown by experimental work and by the fact that patients 
without resistance in overwhelming infections, in which there is ample 
opportunity to destroy the tubercle bacilli, are not improved in the least. 


CONCLUSIONS 


1. About 50 per cent of tuberculous patients having a stationary or 
downward progressive advanced tuberculosis of the ““B” or “C”’ types, 
when given Sanocrysin in well-regulated doses, will show (1) a rather 
prompt cessation of symptoms (drop of temperature and pulse, increase 
of weight, and improvement of general condition), which changes tend 
to be permanent if the patient observes the usual measures of hygiene; 
(2) a clearing of tuberculous infiltration, with marked fibrosis and 
contraction of cavities, as shown by roentgenograms; and (3) changes 
from unfavorable to favorable laboratory findings. 

2. The remainder of the treated patients may be divided about 
equally into three classes: those who show a temporary improvement 
for a few weeks to a few months; those who show no favorable change; 
and those who will not tolerate the drug at all. 

3. By all the methods of control available and carefully analyzed 
figures, we can conclude that there is a shortening of the convalescent 
period or prolongation of life or both in the treated patients of group 1. 

4. There seems to be a real indication for the drug’s use as a supportive 
treatment in collapse therapy when patients are not doing well, and 
when there is a beginning spread to the other side, or when there is need 
to clear up a slight involvement of one side in preparation for collapse 
therapy on the other. 

5. Sanocrysin may be used to speed the convalescence of patients with 
favorable prognosis, but this is usually unnecessary. 

6. The drug may be added to the armamentarium of the tuberculosis 
specialist for use when other measures are unavailable, as well as for 
other “reacting” types when the skill of the physician is able to direct a 
successful course. 
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7. More experiment is warranted, so that indications, contraindica- 
tions, and more favorable types may be better established, in all ages, 
stages, complications, types of the disease, and in both sexes. 
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THE BIONOMICS OF FAMILIES ATTENDING A TUBER- 
CULOSIS DISPENSARY! 


I. General Characteristics, with Special Reference to Housing and Economic Status 


PERSIS PUTNAM 


INTRODUCTION 


The réle played by the family in the spread of tuberculosis assumed 
new significance when the X-ray and the tuberculin test revealed the 
prevalence of early and latent tuberculous infection among persons in 
families where manifest disease occurred. 

Opie and McPhedran (1) have discussed the spread of tuberculosis in 
families attending the dispensary of the Henry Phipps Institute of the 
University of Pennsylvania, in Philadelphia. The present series of 
studies comprises a statistical analysis of these families from the socio- 
logical or, perhaps better, the “bionomic”’ point of view, to see what 
deductions may be made from material carefully collected over a period 
of years when adequate statistical methods are applied. 

Bionomics in the sense used here will include such factors as family 
size, nationality, sex and age composition, tuberculosis morbidity and 
mortality, housing and economic status, all in terms of the dispensary’s 
diagnosis of the family, since these factors are involved in the family’s 
adaptation to the environment and in its ability to adjust itself to the 
presence of the disease. Any study of the pathological picture should 
be based on a knowledge of these bionomic aspects. 

The present paper will be limited to a consideration of the family as a 
whole, with reference to its general characteristics and living conditions. 
Analyses of the individuals comprising the family population will follow 
in a later paper. 

The social and economic status of tuberculous households has been a 
subject of discussion for many years; so much so that few papers on the 
epidemiology of the disease fail to consider it. In a recent statistical 
analysis by Greenwood and Wolff (2), the earlier papers of Hersch (3) 


1 The studies and observations on which this paper is based were conducted with the sup- 
port and under the auspices of the International Health Division of The Rockefeller Founda- 
tion and with the codperation of the Henry Phipps Institute of the University of Pennsylvania. 
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and Stevenson (4) are discussed. Hersch found a quadratic relationship 
between tuberculosis mortality and poverty in data for Paris in the 
prewar years 1911-1913. Greenwood and Wolff confirmed Hersch’s 
findings in an analysis of postwar data for Paris, but did not find the 
same type of relationship in London or Berlin. They did, however 
find linear correlation between tuberculosis mortality and such measures 
of poverty as the proportion of taxed dwellings, industrial workers, and 
household servants in data for all three of these cities. In a later paper 
Wolff (5) considered as the important factors poverty and the size of 
the family, with its effect on living standards and the opportunities it 
offered for the spread of infection. 

In their study of the progress toward recovery of cases with and with- 
out sanatorium treatment, Stocks and Karn (6) analyzed housing 
density, total rent, and rent per room of families of tuberculous patients 
attending Belfast dispensaries. Barnard, Amberson and Loew (7) used 
similar indices in a study of 1,000 tuberculin-tested school children in 
New York City. In both of these studies the analysis of housing and 
economic status was not a major point of interest but only incidental to 
the main subject of investigation. 

Differences in racial susceptibility to tuberculosis have also been 
widely discussed, particularly with relation to mortality. As far as the 
present study is concerned, the important point brought out by Dublin 
(8), Drolet (9), and others who have written on this subject is the rela- 
tively low death-rate for tuberculosis among Hebrews. 

The author wishes to acknowledge the assistance received in the course 
of this study from Dr. Eugene L. Opie and Dr. H. R. M. Landis, of the 
Henry Phipps Institute, who made the dispensary records available, and 
from Dr. Lowell J. Reed, of The Johns Hopkins School of Hygiene, whose 
advice in connection with the statistical analysis was invaluable. Special 
mention should be made of the help given by Miss Fannie Eshleman and 
the Henry Phipps Institute staff nurses, without whose untiring efforts 
and cheerful codperation the collection and coding of the data would have 


been impossible. 


THE EVOLUTION OF THE FAMILY RECORD 


The Henry Phipps Institute is located in the southeastern part of 
Philadelphia in one of the poorer sections of the city with an industrial 
population largely foreign-born and colored. Patients are referred to 
the dispensary by hospitals, social agencies, or private practitioners. 
Some come voluntarily or are sent by other patients. At the present 
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time the dispensary service is limited for the most part to families with 
tuberculosis patients. 

In 1924, 102 of all the families attending the dispensary were selected 
for intensive study. These were not new families; many had been known 
to the dispensary for a number of years. During 1925-1927 the register 
of families selected for study was brought up to approximately 500. 
Some were new families but the majority had been known previously. 
Beginning with 1928, additions made to the list were largely new. Both 
tuberculous and nontuberculous families were included among the first 
500 chosen, but subsequently only those which were tuberculous were 
listed. Among these were a few now classified as nontuberculous be- 
cause of a change in the initial tentative diagnosis. 

A family selected for special observation is visited regularly by the 
dispensary nurse. She teaches principles of home nursing and disease 
prevention, and with the aid of the city welfare agencies helps the family 
to adjust itself to the new problem. She arranges for the removal of the 
patient to a hospital or sanatorium. She urges everyone in the family 
to come to the dispensary for examination. She is responsible for keeping 
the social records of the family. 

In 1926 a census and survey was made of the housing conditions and 
economic status of all families under observation. Subsequently, each 
family was investigated when registered. A second general survey was 
made early in 1930 and a third at the end of the same year. At present 
resurveys are made annually. 

It is obviously impossible to keep all the families under continuous 
observation. Of the 710 considered in this study one-half have been 
virtually dropped from the nurses’ visiting list for various reasons. 
Approximately one-third of those discontinued moved and were lost, 
another third refused to accept the dispensary service, and the rest were 
lost because the family broke up after the death or removal of the patient 
or because it was receiving medical care from other sources. 


THE SELECTION OF FAMILIES FOR ANALYSIS 


The records for this study were taken from those of the first 1,000 
families chosen by the dispensary for intensive observation. These had 
all been registered before the end of 1929. To furnish a more homogene- 
ous group the colored families were not included. Of the 710 white 
families, 512 were selected and the data assembled into 505 separate 
records. No family consisting of a single individual was included. 

Two enumerations of each family were required and were designated 
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as Census I and Census II. If there was no authentic record subsequent 
to the first visit to the dispensary, the family was not included. The 
date of the first census was that on which the family came under observa- 
tion as a family. The date of the second was the last date for which 
information was available. For families still on the visiting list this 
date was that of the final survey in 1930. 

At least one record of housing and economic status was required, and 
data from a second survey were included when available. Theoretically, 
the dates of surveys and enumerations should coincide, but, since the first 
official survey was not made until 1926, the dates of Census I and Survey 
I for earlier families were not the same. Those of Census II and Survey 
II were. 

Data for families still being visited at the end of 1930 could be obtained 
fairly easily. The nurses also revisited as many discontinued families 
as could be located and secured new information, so that their records 
might be included. The records of the families not resurveyed were 
sampled and the data used when adequate. 

It was hoped that the group selected for analysis might be comparable 
to that initially chosen by the dispensary. Obviously it was not. 
Records with adequate data were those of families in close touch with 
the dispensary. These were families which needed and were willing to 
accept the dispensary service and which possessed a certain longevity 
and permanence of residence. Of the 505 families studied, 332, or 66 
per cent, were on the visiting list of the dispensary at the end of 1930. 
Of the 198 families excluded because of inadequate data, only 13, or 6.6 
per cent, were under current observation. 


FOUR ASPECTS OF THE STUDY 
The analysis has four different phases: 


1: A study of the general characteristics of 505 families with respect to diag- 
nosis, period of observation, race, size of family, housing density, and economic 
Status. 

2: A study of time changes in the housing conditions and economic status of 
366 families, based on complete data from two surveys. 

3: An analysis of the individuals in the families with respect to dispensary 
attendance and diagnosis. 

4: A study of the tuberculosis morbidity and mortality in the Italian and 
Hebrew family populations under observation at each year of age, according 
to diagnosis, race, and sex. 
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The first and second phases of the subject will be presented in this 
paper. 


THE FORM OF STATISTICAL ANALYSIS 


The statistical technique employed is elementary and requires little 
special comment. The object has been to see whether differences be- 
tween the indices, which will be described in presenting the data, could 
be attributed to the factors compared or whether they might have been 
due simply to individual differences. Two methods were used: (1) 
the probable error of the difference, and (2) the Chi-square test. 

Arithmetical mean indices were computed for all groups and are given 
in the tables. Probable errors of the differences between means were 
computed in all cases when their significance could not be determined by 
inspection. These are not included in the tables but may be found 
readily from the data given. 

The standard deviations of the main groups were used for computing 
the probable errors of the subgroups, on the assumption that the sub- 
groups were samples from the larger universe and subject to the same 
variation. The formula used was as follows: 


Standard deviation» 


VN, 


PE, = 0.67449 


in which 
the subgroup 


and 


m = the main group 


Differences less than three times their probable errors were considered 
statistically insignificant, since they might have arisen from sampling 
and not necessarily from the factors compared. This is a minimum 
requirement and differences between three and four times their probable 
errors should be accepted with some reservation. The probability that 
sampling fluctuations will give rise to a difference as great or greater than 
three times its probable error is equal to about 4 out of 100 trials, or P 
= 0.043. For differences four times their probable errors P = 0.007, 
or 7 out of 1,000 trials. 

The Chi-square test was used when a single expression was desired 
for the statistical significance of the difference between two or more dis- 
tributions. An instance of this is found in the racial differences with 
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respect to family diagnosis in table 4. Three forms of the test were used, 
that for two distributions discussed by Pearson (10), the fourfold table 
described by Yule (11), and the contingency table of more than two distri- 
butions given by Fisher (12). The fourfold table was described and 
applied in a former paper (13) in analyzing sex differences in pulmonary- 
tuberculosis mortality. 

The Chi-square test compares the rate of occurrence in the subgroups 
of the table with that in the whole table, and uses the standard deviation 
of the entire table as the basis for comparison. The details of the method 
are described by Yule (11). The results may then be compared with 
those obtained from the probable errors as described above. For this 
reason P values from 0.043 to 0.007 will be considered as probably 
significant, and smaller P values definitely so. 

The expression “significant difference” will be used repeatedly in the 
following analysis to indicate that the divergence between the indices 
compared was too large to have been due to individual variation and must 
have been caused by other factors. Presumably the difference was 
associated with the factors being compared. 

The discussion will not be limited to differences found to be statistically 
significant. Negative evidence is also important. Furthermore, it is 
necessary to know the trend of the indices which do not differ significantly 
with respect to those that do. An example may serve to make this 
clearer. Families with sputum-positive tuberculosis cases decreased in 
size significantly between the first and second census. There was a 
slight but insignificant decrease in the size of families with sputum- 
negative cases, and a slight but insignificant increase in the size of non- 
tuberculous families. Subsequent analysis showed that the factors 
which caused the decrease in size of sputum-positive families operated 
to a less extent in sputum-negative families and were absent in the 
nontuberculous families. The entire picture must be presented to be 
interpreted accurately. 


DIAGNOSIS ACCORDING TO CONTACT 


The spread of tuberculosis in families is associated presumably with the 
presence of a person suffering from the disease and the stage of infectious- 
ness reached. Contact is, therefore, the basis of family diagnosis. A 
tuberculous family is one in which there is or was recently a case of 
manifest pulmonary tuberculosis. The disease is considered manifest 
when physical signs and symptoms are present, as distinguished from 
latent or incipient cases which may be detected by the X-ray but not 
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by the physical examination (1). Since patients discharging tubercle 
bacilli in the sputum are considered more infectious than others, a sub- 
division of tuberculous families is made on this basis. The nomenclature 
used may be defined as follows: 


C+: 


Contact families in which there have been one or more cases of manifest 
pulmonary tuberculosis known to have had tubercle bacilli in the sputum 

CD: Contact families in which a patient died of pulmonary tuberculosis but 
from whom a specimen of sputum containing tubercle bacilli was not 
obtained 

C—: Contact families in which there have been one or more cases of manifest 
tuberculosis from whom sputum containing tubercle bacilli has never 
been obtained 

PC: Possible contact families in which cases suspected of being tuberculosis 
have occurred but for whom sufficient information to make a more definite 
diagnosis was not available 

NC: Noncontact families with no suspicious or recognized cases of manifest 

tuberculosis 


The classification of a family as C+ does not necessitate the presence in 
the family of a patient with positive sputum during the period ofthis 
study, inasmuch as the original case may have died or have been removed 
to an institution prior to the registration of the family for observation. 


ANALYSIS OF ALL FAMILIES 


An analysis of all 505 families was made to determine the characteris- 
tics of a group fulfilling the minimum requirements, and representing as 
nearly as possible the group initially registered for observation by the 
dispensary. The following subjects will be discussed: 


: Family diagnosis and period of observation 
: Race 

: Size 
: Housing density 
: Economic status. 


Family Diagnosis and Period of Observation: The diagnostic classifica- 
tion described above will be maintained throughout the study. Table 1 
distributes the families according to diagnosis, year of first census, and 
duration of observation. 

Because of the small number of CD and PC families, they were com- 
bined with C+ and NC families respectively. Of the three diagnostic 
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classes thus formed, the C+CD group contained nearly one-half the 
families. The final distribution was as follows: 
Diagnosis Number of families Per cent 
44.8 


25.5 
29.7 


100.0 


If we examine the distribution of the families according to the time 
of the first enumeration, we find two-thirds of the NC families included 


TABLE 1 
Distributiom of all families according to diagnosis, year of first census, and period of observation 


FAMILY DIAGNOSIS 


YEARS 
YEAR OP UNDER C+ cD Cun PC Total 

FIRST CENSUS! OBSERVA- 

TION 


Number|Per cent/Number Per cent 


0-3 12 4 5 53 
4-5 10 6 2 26 
6-8 52 9 120 


Total 74 16 199 


0-3 34 
4-5 49 11 


83 18 


1928-9 56 . 13 


Grand total 213 47 


in the 1922-1925 group as compared with one-third each of the C+ and 
C— families. NC families were apparently older with respect to the 
dispensary service. This was probably due to the practice of selecting 
only tuberculous families for study in the later years. 

The period of observation given in table 1 represents the length of time 
the family was being visited routinely by the dispensary nurse. It was 
not necessarily the same as the intercensal interval, which was the time 
between the date of selecting the family for study and that of the last 
authentic record of the family population. The intercensal interval 
might have been longer for two reasons: (1) a number of discontinued 
families were resurveyed in 1930 so that the second census was made 
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subsequent to the closing of their records; (2) there were 22 families for 
which no record of home visiting was found, but each family had an 
intercensal interval of at least one month. 

In computing the intercensal interval, the midpoint of the 1922-1925 
group was placed at the end of 1924 since only eight of the families were 
enumerated in 1922-1923. 

If a family came under observation early in 1924 and continued so until 
the end of 1930, its period of observation was seven years. A 1925 family 
would have had an observation period of six years, a 1926 family one of 
five years, and soon. If we assume that one family was registered at the 
beginning of each year from 1924 through 1929, there would have been 
a total of 27 observation years for the six families, with a mean maximum 
period per family of 4.5 years, as shown in column (a) below: 


Years under observation per family 


(a) From first (b) From middle (c) Two-year 
of year of year average 


Year of first 
census 


2 


4.0 


If, instead of one, several families were registered at different times 
during the year, the mean starting point for the group would be the mid- 
dle of the year. This would decrease the maximum expected interval 
by half a year, as in column (b), and give a mean maximum of four years 
per family for the total group. 

Column (c) places the averages on a two-year basis to correspond with 
the classification in table 1. These mean-maximum observation periods 
may now be compared with the mean intercensal intervals and periods 
of observation given in table 2 and figure 1. 

The observed intercensal interval should follow the expected one fairly 
closely, since the date of first census was the starting point, and that of 
the second for most families was near the end of 1930. Figure 1 shows 
that this was true. 

The mean period of observation, however, fell quite definitely below 
the expected one. The greatest deviation occurred in the period of 
observation for the nontuberculous families first enumerated in 1922- 
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1925. The reason for this is apparent. Table 1 shows that more than 
half of these families were under observation less than the expected 


TABLE 2 


Intercensal interval and period of observation per family according to year of first census and 
diagnosis, all families 


FAMILY DIAGNOSIS 


MEAN MAXIMUM | 
C+CD | c- 


YEAR OF FIRST CENSUS INTERVAL 


Intercensal interval in years 


1922-5 5. 
1926-7 3. 
1928-9 


Mean 1924-30. . 3.8 


Period of observation in years 


1922-5 
1926-7 
1928-9 


Mean 1924-30... 3.6 


PERIOD OF OBSERVATION 


Interval per Family in Years 


1924 
Year of First Census 


C+CD families 
NCPC families 


Fic. 1. INTERCENSAL INTERVAL AND PERIOD OF OBSERVATION IN YEARS PER FAMILY ACCORD- 
ING TO YEAR OF First CENSUS AND D1racnosis, ALL FAMILIES 


period of six years. Of the C— families enumerated in 1922-1925 only 
one-fourth were below the six-year period, and of C+CD families less 
than one-third. 
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Table 3 shows that observation of 45 per cent of the NCPC families 
was discontinued before the end of 1930 as compared with 31 per cent of 
the C+CD and 27 per cent of the C— families. 

Race: Table 4 and figure 2 classify the families according to race and 
diagnosis. It was found that the only nationalities which required 
special consideration were the Italians and Hebrews, since they comprised 
over three-fourths of all the families. Ten per cent of the families were 
American; the remaining 13 per cent were distributed among other 


TABLE 3 
Dispensary status and diagnosis of all families, December 31, 1930 


OBSERVATION 


DISCONTINUED TOTAL 


UNDER OBSERVATION 


FAMILY DIAGNOSIS 


Number | Percent | Number | Percent | Number | Per cent 


Dhdsisesnsecncesdemaned 156 69 70 31 226 100 
94 73 35 27 129 100 
82 55 68 45 150 100 


66 178 34 505 100 


TABLE 4 
Distribution of all families according to race and diagnosis 


FAMILY DIAGNOSIS 


NCPC Total 


C+CD 


Number|Per cent 


Per cent|Number|Per cent 


Number 


Number'|Per cent 


105 46.5) 27 20.9} 76 50.7} 208 | 41.2 
62 27.4; 70 54.3} 48 32.0} 180 | 35.6 
59 26.1} 32 24.8} 26 17.3) 117 23.2 


100.0} 505 


226 | 100.0) 129 | 100.0} 150 


nationalities. The racial designation of the family was determined by ’ 
the nativity of the individuals. The family was considered American 
unless one or more persons were known to have been born elsewhere. 
Hebrews, however, were classified as such regardless of the country of 
birth. Asa matter of fact, 90 per cent of the foreign-born Hebrews came 
from Russia. 
The important feature brought out by table 4 and figure 2 is that the 
C+CD families were predominantly Italian and the C— families largely 
Hebrew. Italians constituted 47 per cent and Hebrews 27 per cent of 
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the C+CD families, while the situation was reversed in the C— families. 
The proportions among the nontuberculous families were one-half Italian 
and one-third Hebrew. These differences, according to the Chi-square 
test, were highly significant, giving a probability of chance occurrence 
of less than one in 1,000 trials. 

Size of Family: The index used to measure the size of the family was 
the number of persons per family exclusive of lodgers. It has been 
analyzed according to family diagnosis, race, year of first census, and 
intercensal changes. Table 5 contains the mean indices of persons per 


TABLE 5 
Racial differences in family size at first and second censuses, according to diagnosis, all families 


FAMILY DIAGNOSIS 


Standard 
Cc— NCPC | Total Deviation 


Persons per family 
Census I 


.150 | 6.30%.295 | 7.03%. 6.49+ .106 
165 | 5.49%.155 | 5.834. 5.48+ .097 
.201 | 5.534.273 | 5.62+. 5.39 . 143 


.103 | 5.67+.114 | 6.40+. 5.87+ .065 


Census IT 


| 6.56% .326 | 7.432.195 | 6.424.118 
| 5.20+%.149 | 5.564.181 | 5.12% .093 
.181 | 5.03% .245 | 5.96% .272 | 5.194.128 


| 5.444.119 | 6.584.130 | 5.674.070 


family for each diagnostic group subdivided according to race. Probable 
errors and the standard deviations from which they were computed are 
also given. 

Italian families had a higher average size in every case. At the first 
census the mean for all Italian families was 6.49 persons per family, as 
compared with 5.48 for Hebrew families and 5.39 for the miscellaneous 
group. Similar differences were found at the second census. Within 
the specific diagnostic groups Italian families were significantly larger in 
every case except that of C- Italians at the first census. Within specific 
racial groups Italian NCPC families were significantly larger than C+CD 
families at the first census. At the second census NCPC families in each 
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racial group were larger than C+CD families. The intercensal decreases 
within the racial groups were not significant. The distributions of the 
families with respect to size and race are given in figure 3. 

The average size of family according to diagnosis and year of first 
census is given in table 6. At the first census tuberculous families 


TABLE 6 
Family size at first and second censuses, according to diagnosis and year of first census, all families 


FAMILY DIAGNOSIS 


YEAR OF FIRST CENSUS | 


C+CD c- | NCPC 


Persons per family 
Census I 


6.24+ .180 
5.344 .127 


6.302 .205 
5.38% .138 


6.544 .159 
6.23 .179 


6.38+ .103 
5.55 .083 


5.64+ .103 


5.674.114 


6.40+ .119 


5.87+ .065 


2.3064 


1.9264 


2.1590 


2.1502 


Census II 


5.714.180 
4.94+ .127 


6.134% .214 
5.134% .143 


6.82+ .173 
6.27+ .196 


6.264.111 
5.28+ .090 


5.19+ .104 


5.44+ .119 


6.58 .130 


5.67+ .070 


Standard deviation. ... 


2.3087 


2.0035 


2.3572 


2.3223 


TABLE 7 
Racial differences in housing density at first survey, according to diagnosis, all families 


FAMILY DIAGNOSIS 


C+CD 


NCPC 


Standard 


Deviation 


Persons per room—survey I 


1.26+ .041 
1.15+ .049 
1.22+ .062 


1.53+ .081 
1.19+ .046 
1.40+ .084 


1.46+ .048 
1.22+ .056 
1.47+ .093 


1.37+.029 
1.18+ .029 
1.32% .044 


1.22+.019 


1.31+ .038 


1.39+ .023 


1.29+ .018 


averaged about 5.65 persons. Nontuberculous families were definitely 
larger with an average size of 6.40 persons. Between the first and second 
census tuberculous families decreased in size, C-+CD families signifi- 
cantly so. There was a slight increase in nontuberculous families which 
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resulted in a greater disparity between the groups at the end of the period. 
Figure 4 illustrates this. 

The larger size of the older dispensary families, shown in table 6 and 
figure 5, is one of the most conspicuous features of this analysis. The 
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families first enumerated in 1922-1925 averaged 6.38 persons at the first 
census, as compared with 5.55 persons for the families registered in 1926— 
1929. This difference was maintained at the second census. Within 
the diagnostic groups the older tuberculous families were definitely 
larger. The older NCPC families were not significantly so. 
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Housing Density: Since the spread of tuberculosis in families is depend- 
ent not only on the number of individuals exposed but also on the fre- 
quency and intimacy of their contact, housing density is of primary 
importance. Consequently, information on the number of rooms occu- 
pied by each family included in this study was required from at least 
one survey. The number of persons per room is the index commonly 
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Persons per Roan 
Fic. 6. RACIAL DIFFERENCES IN Hovusinc Density aT First Survey, ALL FAMILIES 


used in the literature to measure crowding and to indicate the standard of 
living. As such it will be used repeatedly in this study. 

The mean indices of persons per room according to family diagnosis and 
race are given in table 7 with probable errors and standard deviations. 
Distributions according to race are shown in figure 6. 

Housing density was higher among the Italian families, averaging 1.37 
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persons per room as compared with 1.18 for Hebrew families and 1.32 for 
the miscellaneous group. Differences in density between the Italian 
and Hebrew families in the C— and NCPC groups were significant. 
NCPC Italians had a significantly higher density than C+CD families 
of the same nationality. 

Distributions on the basis of diagnosis are shown in figure 7. Diag- 
nostic differences were not so conspicuous as racial. NCPC families 
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had a higher density than either C+CD or C— families and the difference 
between NCPC and C+CD families was significant. 

Table 8 contains indices of housing density according to diagnosis 
and year of first census. Means for all the 1922-1925 families were 
consistently higher, significantly so among C+CD and NCPC families. 

Economic Status: A reliable measure of economic status was difficult 
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to find. Wages could not be used because of deficiencies in the early 
records. Furthermore, when the second survey was made, many of the 
wage-earners were out of work. Since this is distinctly a predepression 
study, a measure was sought that would describe economic status prior to 
the financial crisis rather than one that would be affected by its early 
stages. 
TABLE 8 
Housing density at first survey, according to diagnosis and year of first census, all families 


FAMILY DIAGNOSIS 
YEAR OF FIRST CENSUS 


C+CD | 


NCPC 


Persons per room—survey I 


1.30+ .033 
1.17+ .023 


1.43+ .068 
1.26+ .046 


1.47+ .043 
1.28 .048 


1.40+ .028 
1.22+ .023 


1.22+ .019 


1.31+ .038 


.023 


1.29+ .018 


Standard deviation. . .. -6395 .5798 


TABLE 9 
Mean housing density at first survey of owners and renters according to race, all families* 


PER CENT 
OWNERS 


PERSONS 
PER ROOM 


STANDARD 
DEVIATION 


NUMBER OF 
FAMILIES 


Owners 


104 1.18+ .024 
81 1.03 .027 
30 -99+ .044 


215 1.09+ .016 


Renters 


103 1.57+ .040 
99 1.31+ .060 
85 1.45+ .044 


287 1.44+ .024 


* House ownership of three families is unknown. 


Since no measure in terms of income or wages could be obtained, the 
question had to be analyzed from less direct angles. It was discovered 
that 43 per cent of the families were buying their homes, and this subject 
was investigated. Another point of approach was rent, and still a third 
was economic dependence. A family that was receiving financial 
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assistance through some official agency was considered economically 
dependent. 

Housing density has been used as a measure of living standard. If we 
are justified in believing that house-owners are economically better off 
than renters and that self-supporting families have a higher standard of 
living than dependent ones, then density for owners should be lower than 
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Fic. 8. Housrnc Density AT First SURVEY OF ALL FAMILIES, ACCORDING TO HouSsE 
OWNERSHIP 


that for renters, and that for self-supporting families lower than that for 
dependent families. 

Fifty per cent of the Italian families and 45 per cent of the Hebrew 
families were buying their homes. Only 26 per cent of the miscellaneous 
families were buying theirs. Table 9 shows that housing density among 
renters was significantly higher than among owners in every case. 
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Figure 8 shows the marked difference between the housing densities 
of owners and renters. No house-owning families had a density greater 
than 2.50 persons per room, but 22 renting families or 8 per cent had 
a higher density. ‘The mean for owners was 1.09 persons per room; that 
for renters was 1.44. 

The high density among renters may have been due to some extent to 
the fact that families living in one- or two-room tenements were included. 
No attempt was made in this study to differentiate between the density 
of families renting houses and that of families renting tenements. The 
specific effect of tenement-dwelling on housing density is therefore not 
known. 

TABLE 10 


Mean housing density at first survey of self-supporting and non-self-supporting owners and 
renters, all families* 


PER CENT 
NON-SELF- 
SUPPORTING 


HOUSE NUMBER OF PERSONS STANDARD 
OWNERSHIP SEEP-CUrsCas FAMILIES PER ROOM DEVIATION 


Owners Self-supporting 198 1.07+ .017 
Non-self-supporting 17 1.31+ .058 


Total 215 1.09+ .016 


Self-supporting 226 1.42+ .027 
Non-self-supporting 61 1.52 .052 


Total 287 1.44+ .024 


* House ownership of three families is unknown. 


Table 10 shows that 21 per cent of the renting families were dependent 
upon outside financial aid as compared with 8 per cent of the house- 
owning families. This is not surprising, however, as it is the practice 
among welfare agencies not to give aid to a family that has an apprecia- 
ble amount invested in a house. The table also shows that housing 
density for both self-supporting groups was lower, that for owners 
significantly so. 


TIME CHANGES IN THE STANDARD OF LIVING 


Since complete data on housing density and economic status at two 
surveys were available for 366 of the 505 families, time changes could be 
investigated. Housing density has again been used as the measure of 
living standard, and the families have been analyzed on the following 
bases: 
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: Comparison of special group with total group 
: House ownership 

: Rent 

: Dependency 

: Sanitation and cleanliness. 


Comparison of Special with Total Group: Investigation must first be 
made of the way in which the 366 families compared with the total group. 
Table 11 classifies them according to diagnosis, year of first census, and 
period of observation, for comparison with table 1. The percentage 
distributions with respect to diagnosis were the same, but the non- 
tuberculous families registered in 1922-1925, instead of representing 


TABLE 11 
Distribution of 366 families according to diagnosis, year of first census, and period of observation 


FAMILY DIAGNOSIS 


YEAR OF |YEARS UNDER 
FIRST CENSUS |OBSERVATION C+CD c— NCPC Total 


Number | Per cent | Number | Per cent | Number | Per cent | Number | Per cent 


17 31 
24 27 92 


29 44 123 


43 34 145 
29 27 98 


72 71 61 58 243 66 


Grand total 100 105 100 366 100 


two-thirds of all the nontuberculous families, comprised only 42 per cent. 
Thus the diagnostic classes of these 366 families were more nearly of the 
same proportions at the beginning of dispensary observation. 

Table 12 compares the intercensal interval with the period of observa- 
tion and the interval between surveys. The grouping of the data on the 
basis of the year of first census was too broad here. The reason for 
grouping according to the year of first census was to keep the mean inter- 
val per family from being unduly influenced by the larger number of 
families registered in earlier years when the interval was longer. In 
table 12, for example, the mean intercensal interval for 1926-1929 
families was 3.3 years instead of 2.5, the expected maximum, because the 
number of 1926-27 families was greater than the number of 1928-1929 
families included in the group. 
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Comparison of the observed intervals for the 366 families with those 
for the 505 families indicates longer periods for the selected group. The 
reason for this is evident when table 13 is compared with table 3. 


TABLE 12 
Intercensal interval, period of observation, and interval between surveys per family, according to 
year of first census and diagnosis, 366 families 


FAMILY DIAGNOSIS 


YEAR OF FIRST CENSUS 


C+CcD | c- | | 


Intercensal interval in years 


1922-5 6.1 
1926-9 3.2 


Mean 1924-30... 4.2 


Period of observation in years 


1922-5 5.8 
1926-9 2.8 


Mean 1924-30... 3.8 


rval between surveys in years 


1922-5 ' 4.5 4.7 4.4 
1926-9 . 3.1 3.2 3.6 


Mean 1924-30... ‘ 3.6 3.7 3.9 


TABLE 13 
Dispensary status and diagnosis of 366 families, December 31, 1930 


OBSERVATION 


UNDER OBSERVATION DISCONTINUED 


TOTAL 
FAMILY DIAGNOSIS 


Number | Percent | Number | Percent | Number | Per cent 


128 80 32 20 160 100 
80 79 21 21 101 100 
69 66 36 34 105 100 


277 76 89 24 366 100 


Seventy-six per cent of the families in the selected group were under 
observation at the end of 1930, as compared with 66 per cent of the 505 
families. 


It is obvious that the families in the special group had been associated 
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with the dispensary for a longer period than those omitted. This is not 
surprising since the availability of data is naturally influenced by the 
amount of codperation given the dispensary by the family. 

The mean interval between surveys was 3.7 years (table 12). This was 
shorter than the intercensal interval due to the fact that most of the 
older families were first surveyed in 1926. 

A comparison of table 14 with table 4 shows that the racial distribu- 
tion of the special group was practically the same as that of the total 


TABLE 14 
Distribution of 366 families according to race and diagnosis 


FAMILY DIAGNOSIS 


C+CD Cc— NCPC Total 


Number|Per cent|Number|Per cent}/Number|Per cent|Number|Per cent 


87 54.4) 23 22.8) 59 56.2} 169 46.2 
38 23.7; 53 52.5} 30 28.6} 121 33.1 
35 21.9} 25 24.8) 16 15.2) 76 20.8 


160 | 100.0} 101 | 100.1) 105 | 100.0) 366 | 100.1 


TABLE 15 


Housing density of owners and renters at first and second surveys, according to diagnosis, 366 
families 


FAMILY DIAGNOSIS 
STANDARD 


DEVIATION 
| NCPC 


Persons per room 


Owners 1.054.027 | 1.034.037 1.10+ .018 
Owners .93+ .026 : j 1.02+ .017 
Renters 1.38+ .050 1.46+ .033 
Renters 1.19+ .043 | 1.134.051 ; 1.20+ .028 


group. The discrepancy between the percentages of Italians and He- 
brews in C+CD families was somewhat further emphasized in the 
selected group. 

Although differences between the special and the total groups insize 
of family were slight, in every case but one the selected group had a higher 
average. Housing density was the same. 

The time changes will now be analyzed. 

House Ownership: At the time of the first survey 43 per cent of all 
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families were buying or owned their homes. Among the 366 families 
this percentage was 51, a significantly higher rate. 

Housing densities of owners and renters based on family diagnosis are 
shown for both the first and second surveys in table 15. The frequency 
distributions are shown in figure 9. The lower density of house-owning 
families is marked. At the first survey it was 1.10 persons per room 
compared with 1.46 for renting families. At the second survey the 
density had decreased in every case except that of NCPC owners. 
Significant decreases were those for total owners and renters, C+CD 
owners, and C— and NCPC renters. 
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Fic. 9. CHANGES BETWEEN FIRST AND SECOND SuRVEYS IN Housinc DENsITY OF 366 
FAMILIES 


If we compare the diagnostic groups, we find that the density among 
owners in tuberculous families was approximately the same at both 
surveys and significantly lower than that for nontuberculous families. 
Among renters, tuberculous families again had a lower density than the 
nontuberculous but the difference was not significant. 

Rent: Two indices were used for analyzing this factor, rent per room 
and rent per person. The first may be affected by changes in the rent 
level of the community and toacertain extent by the size of the house, since 
the rental per room is probably less for larger houses. Consequently, 
rent per person is a better index for measuring changes in standard of 
living and economic status. With a slightly smaller average family and 
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a definitely lower housing density, a higher rental per person would indi- 
cate an improved standard of living, whether the rent per room or the 
total amount paid were greater or less. 

The results have not been so conclusive as one would desire. They 
are given in table 16 and figure 10. Differences between diagnostic 


TABLE 16 
Rental indices at first and second surveys according to diagnosis, 366 families 


FAMILY DIAGNOSIS 
STANDARD 


SURVEY DEVIATION 
C+CD | Gu | NCPC Total 


Rent per room 


I $5.764 .156 | $5.834.186 | $5.854.195 | $5.814.102 $2 .0288 
II 5.38+ .110 5.12+.130 4.98+ .137 5.19 .072 1.4043 


Rent per person 


$4.99+ .206 | $4.574.245 | $4.46%.258 | $4.724.134 $2 .6734 
II 5.34% .251 4.53% .263 5.17% .138 2.7047 


TABLE 17 


Housing density at first and second surveys of seif-supporting and non-self-supporting owners 
and renters in group of 366 families 


SURVEY I SURVEY II 


SELF-SUPPORTING Number 


of 
Families 


Standard ape Persons Standard ty i 


re) 
Deviation Families Per Room Deviation 


Persons 
Per Room 


Owners 


1.08+ .019 -99+ .018 
Non-self-supporting......... 15 1.36+ .069 15 1.42+ .066 
186 1.10+.018 | .3713 | 191 1.024.017 | .3533 
Per cent non-self-supporting.. 


Renters 


Self-supporting............. 136 1.42+ .037 134 1.18+ .032 
Non-self-supporting........ 44 1.61+ .065 41 1.27+ .058 

180 1.46+ .033 | .6468 | 175 1.20+ .028 | .5529 
Per cent non-self-supporting..| 24.4 23.4 


groups were insignificant. Rent per room decreased during the period, 
and differences were significant for C—, NCPC and total families. 
Rent per person increased, but none of the differences were significant. 
It is possible that a drop in the level of rents, suggested by the decrease 
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in rent per room obscured what otherwise might have been a significant 
rise in rent per person. All that can be said is that these changes do not 
conflict with the other evidence in favor of an improved standard of living. 
Dependency: Housing densities of self-supporting and non-self-sup- 
porting owners and renters are shown in table 17 and figure 11. Finan- 
cially independent house owners had a significantly lower density at each 
survey than those receiving aid, but time changes were not significant. 
Self-supporting renters did not have a significantly lower density at 
either survey, but the decreases during the period were significant. 
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Fic. 10. CHANGES BETWEEN FIRsT AND SECOND SURVEYS IN RENT PER Room OF 366 FAMILIES 


There was a slightly higher dependency rate in the selected group, 
found by comparing tables 10 and 17. Interesting time changes are 
brought out by table 18 and figure 12 in the proportions of dependent 
families in the three diagnostic groups. 

The rate of dependency among 1922-1925 C+-CD families was approxi- 
mately 30 per cent at each survey. That for 1926-1929 C+CD families 
increased from 10 to 26 per cent, raising the total for all C+CD families 
from 16 to 27 percent. Dependency among the 1922-1925 C — families, 
on the other hand, decreased from 31 to 10 per cent. The increase for 
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TABLE 18 


Dependency rates at first and second surveys in group of 366 families according to diagnosis and 


year of first census 


I 


563 


SURVEY I 
YEAR OF FIRST NUMBER OF 


SURVEY It 


— aie Number Non- Per cent Non- 
self-supporting self-supporting 


Number Non- Per cent Non- 
self-supporting self-supporting 


C+CD families 


30.0+4.37 


1 
1926-9 110 11 10.0+1.93 


28 .0+4.28 
26.42.83 


16.2+1.97 


26.9+2.36 


C— families 


31.0+5.79 
9.742.35 


10.343.81 
12.542.63 


15.8+2.45 


11.9+2.17 


NCPC families 


15.9+3.72 
16.4+3.20 


11.4+3.23 
9.82.57 


16.2+2.42 


10.52.02 


TABLE 19 


Distribution according to sanitation and cleanliness of owners and renters at first and second 
surveys, in group of 366 families 


SURVEY I 


SURVEY II 


Water Closet 
HOUSE OWNERSHIP 


Water Closet 


Per cent 
In Not in F In Not in 
House | House Total House | House 


Total 


Per cent 


24 
42 


37 
80 


186 
180 


191 
175 


Cleanliness 


Cleanliness 


Fair > Fair 
Good and Total Good and 
Poor Good Poor 


Total 


Per cent 
Good 


15 
20 


87 
69 


25 
55 


186 
180 


191 
175 


1926-1929 C— families was insignificant; therefore, total dependency 
for this group was less at the end of the period. Some decrease occurred 
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Persons per Room 


Survey Ir Survey I II 
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Fic. 11. Housrnc Density AT Frrst AND SECOND SURVEYS OF SELF-SUPPORTING AND NON 
SELF-SUPPORTING OWNERS AND RENTERS IN GROUP OF 366 FAMILIES 


| | Survey I 
Survey II 
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Fic. 12. PERCENTAGES AT FIRST AND SECOND SURVEYS OF NON-SELF-SUPPORTING FAMILIES 
IN GRrouP OF 366 FAMILIES, ACCORDING TO DIAGNOSIS 
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in both groups of NCPC families. Consequently, the rate of dependency 
at the second survey was similar for both C— and NCPC families, while 
that for C+-CD families was more than twice as high. 

Sanitation and Cleanliness: In a final attempt to analyze the standard 
of living at each survey, a record was made of whether the water-closet | 
was in the house or in the yard, on the assumption that minimum require- Be 
ments of decent sanitation in a densely populated city area would call 
for toilet facilities inside the house. The nurse’s estimate of general 


TABLE 20 


Housing density with respect to sanitation and cleanliness of owners and renters at first and second 
surveys, in group of 366 families 


WATER CLOSET 


STANDARD DEVIATION 
OF TOTAL 


HOUSE OWNERSHIP SURVEY 


In House | Not in House 


Persons per room 


1.07+.021 1.24+ .041 
II .98+ .018 1.36 .049 


Owners 


Renters I 1.43+ .044 1.50+ .049 .6468 
1.18+ .032 1.27+.058 


CLEANLINESS 


Fair and Poor 


Good 


Persons per room 


1.09+ .020 1.20+ .050 .3713 
1.01+ .018 1.21+ .066 


Owners 


1.76% .059 
1.25+ .083 


Renters 


1.33+ .039 
1.20+ .030 


cleanliness was also considered. House ownership was used as the basis 
for comparison, since it was found that the diagnostic groups did not 
present any real differences. 

Table 19 compares by Chi-square the proportions at each survey of 
owners and renters with water-closet in the house. It also compares the 
proportions of families rated good as to cleanliness. In each case the 
improvement for owners was slight while that for renters was highly 
significant. 

Mean housing densities of owners and renters according to sanitary 
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provisions and cleanliness ratings are given in table 20 and figure 13. At 
each survey the density for owners with water-closet in the house was 
lower. For renters the difference was not significant. 

Analyzed on the basis of cleanliness, housing density differed in much 
the same way. It was less in every case among families rated good, but 
the only significantly lower index was that for renters at the first survey. 


DISCUSSION 


The differences found in the course of this analysis must be considered 
from three points of view: (1) those arising from the selective interaction 
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Fic. 13. Houstnc DENsITy AT First AND SECOND SURVEYS OF OWNERS AND RENTERS IN 
Group oF 366 FAMILIES, ACCORDING TO SANITATION 


of dispensary and family; (2) those common to the three diagnostic 
groups; (3) and those associated with the presence of tuberculosis. Be- 
fore any difference may safely be allocated to tuberculosis we must be 
sure that the other two factors are not involved, or that their effect has 
been accounted for. 

Selective Interaction of Dispensary and Family: One of the most 
conspicuous results of selective action was the large size of the families, 
particularly of those registered in 1922-1925. United States Census 
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statistics for Philadelphia give 4.5 as the number of persons per family 
in 1920 and 4.2 in 1930 (14). A special unemployment survey in Phila- 
delphia made in April, 1931, (15) gives data on family size by school- 
districts. The mean for District 3, which is in the dispensary area, was 
5.2., and for District 6, one-half of which is in the area, 4.3. 

In the present study we found the following: 


Year of First Persons per family 
Census 
Census I Census II 


It is apparent that the dispensary families were larger on the average 
than those in the city as a whole or than those surveyed from the same 
area in April, 1931. One reason may be that no families of isolated indi- 
viduals were included. There are various cther possible explanations. 
It may be that only the larger tuberculous families came to the dispen- 
sary, but this would not explain why the families registered in 1922-1925 
were so much larger than those registered in 1926-1929. There is also 
the possibility that the dispensary may in the beginning have deliberately 
selected larger families for study. This is a more plausible explanation, 
since these families were selected from among those already coming to 
the dispensary, while those registered later were listed in the order of 
attendance. 

The larger proportion of nontuberculous families among those selected 
in 1922-25 resulted from the policy adopted in 1927.of adding none but 
tuberculous families to the register for special study. 

The differences between the 366 families with two housing surveys and 
the total group are the result of selective action. Fewer families from 
the special group had been dropped from the visiting list; thus the period 
of dispensary supervision was longer. The families were slightly larger, 
and there was more dependency in the group. It was also a more stable 
group as evidenced by the larger proportion of house owners. In other 
words, the special group may have been more in need of the dispensary 
service, hence more codperative; and its greater stability made possible 
a longer period of observation. 

Differences Common to the Three Diagnostic Groups: These differences 
comprised for the most part the time changes found in the analysis of the 
special group. The families of this group were subjected to all the selec- 
tive factors just enumerated. There is some doubt, therefore, as to what 
relationship these time changes bore to time trends in the population from 


9 
4 
iti) 
a 
Tota) 
# 
iG 
& 


568 PERSIS PUTNAM 


which they came. Changes not specifically associated with diagnosis or 
the selective process may have been common to the population, and 
should be considered from that point of view. 

The mean interval between surveys was 3.7 years. During this time 
housing density definitely decreased. Rent per room dropped signifi- 
cantly; rent per person rose somewhat. The proportion of renting 
families with adequate sanitation increased significantly within the 
interval as did also that of renting families rated good as to cleanliness. 
Improvement among house-owners was apparent but not so great. 

It is evident that the social and economic status of these families 
improved during the period between surveys. The status of home- 
owners did not change materially, but at both surveys it was definitely 
better than that of renting families. The status of renters improved 
significantly within the interval in every way. Obviously, a renting 
population is more mobile and with the means to do so can more easily 
improve its housing status. 

It should be recalled here that the second survey was made at the end 
of 1930 before the financial depression had materially affected living 
conditions. At that time many of the wage-earners were out of work, 
and some of the families had already lost their homes. It is probable 
that the present status of this group is quite different. 

The question of how much of this improvement can be attributed to 
the dispensary service cannot be answered. This study was made 
during the period of rising prosperity throughout the country, when liv- 
ing conditions of all classes of society were presumably on the up-grade. 
It is reasonable to suppose that even dispensary families were affected 
by this general improvement. We have no data on the general popula- 
tion with which to make comparisons, and the families in this special 
group were too few to permit further analysis on the basis of duration of 
dispensary service. 

Differences Associated with the Presence of Tuberculosis: We shall con- 
sider first the differences between sputum-positive and sputum-negative 
families since the nontuberculous family group presents a somewhat 
different order of selection and will have to be discussed separately. 

The outstanding difference between the two tuberculous groups was 
the large proportion of Italians in the sputum-positive and of Hebrews 
in the sputum-negative group. 

The amount of dependence upon financial aid is another point of 
difference. At the first survey the dependency rate was similar in each 
group of tuberculous families, but at the second it had increased in C+CD 
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families to such an extent that it was more than twice as high as that in 
C— families. The high rate found at the first survey among 1922-1925 
C— families dropped, with the result that dependency of all C— families 
at the second survey was less than it had been at the first. The occur- 
rence of sputum-positive tuberculosis in a family and the subsequent 
removal of the patient either to a sanatorium or by death appears to 
have had a more devastating effect upon the financial independence of the 
family than the occurrence of a sputum-negative case. 

A point to be emphasized here is that dependency followed and did not 
necessarily precede the occurrence of the disease. The rate was ndt so 
high for the 1926-1929 group of families surveyed at the beginning of the 
dispensary’s contact with them as it was for the older dispensary families. 
The sequence of events in a sputum-positive family seems to have been 
somewhat as follows: As long as the patient could hold a job, take care of 
his family, and pay a doctor for treatment, he did so; when he was no 
longer able to work and his savings were gone he had to apply to the 
dispensary. At this time the family was still nominally independent, 
but, in order to release the patient from responsibility and send him away 
for treatment, financial assistance had to be obtained from one of the 
welfare agencies. The result was that many families recorded as inde- 
pendent at the time of the first survey were on the list of dependents 
at the second. The patient with no sputum or who was never discharg- 
ing tubercle bacilli was not so completely incapacitated; he was not 
removed from the family so frequently, and in the course of time was 
able to adjust himself to the situation. The result was a decrease in 
dependency among C— families. Among the 1922-1925 families part 
of this cycle of events had already taken place when the first survey was 
made, which probably accounts for the high dependency rates in both 
diagnostic groups at that time. 

The reader may have noticed that the patient is referred to as the father 
of the family. Later analysis will show that this hypothesis was not 
far from the truth, since tuberculosis morbidity and mortality were both 
higher among the men in these families than among the women. 

Before comparing the nontuberculous families with the others, some 
consideration must be given to the psychological difference in the rela- 
tionship of this group to the dispensary. The tuberculous family applied 
to the dispensary because it was in need of specific help which the dis- 
pensary was particularly well fitted to give. At the beginning the non- 
tuberculous family also had a health problem, which was found not to be 
due to tuberculosis. This fact placed the family on a different basis 
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with respect to the dispensary. To the tuberculous family the service 
offered was a vital necessity, but to the nontuberculous it was a matter 
of choice, and the reason for the choice must have been associated to a 
certain extent with a desire for free medical service. 

The result of this selective action was that a different type of family 
was found in each of the two groups. The social and economic status 
of the nontuberculous families was not so good as that of the tuberculous, 
notwithstanding the disease problem of the latter. 

NCPC families were definitely larger at each census. In fact, they 
increased slightly while families in both tuberculous groups, particularly 
the sputum-positive, decreased in size. Housing density was greater 
among the nontuberculous. The amount of dependency was the same 
as that for C— families and decreased during the interval. 

Nontuberculous families had a shorter mean period of observation due 
to the larger proportion dropped from the visiting list. More knowledge 
about the discontinued families is necessary. It may be that the lack of 
a specific disease problem resulted in a more rapid return to economic 
self-sufficiency. In this case, the larger proportion of discontinued 
families in this group would constitute a real diagnostic difference. 


SUMMARY 


An analysis has been made of the characteristics of 505 white families 
registered for special study by the Henry Phipps Institute, Philadelphia, 
during the years 1924-1929, with special reference to their social and 
economic status. The diagnostic classification of the families was as 
follows: 


C+CD: Families (1) with one or more cases of manifest tuberculosis having 
tubercle bacilli in the sputum, or (2) with a patient dying of the disease from 
whom a positive sputum was never obtained 

C—: Families with cases of the disease not having tubercle bacilli in the 
sputum 

NCPC: Families with no known cases of the disease. 


A record of two household enumerations and one housing survey was 
required for each family. For 366 of the families data for two surveys 
were available. Differences of three kinds were found: (1) those arising 
from the selective interaction of dispensary and family; (2) those common 
to all families; and (3) those apparently associated with the diagnosis. 
They may be summarized as follows: 

1. The large size of the families found in all groups, particularly in 
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those with first census in 1922-1925, was the result of dispensary selec- 
tion, as shown by comparison with current survey statistics for the same 
section of the city. The larger proportion of nontuberculous families 
among those first registered in 1922-1925 was due to the policy adopted 
in 1927 of adding none but tuberculous families to the dispensary list. 

2. A comparison of the special group of 366 families with the total 
group indicates that it was a more responsive and possibly a needier 
group. The families were slightly larger and the dependency somewhat 
greater. It was a more stable group as shown by the larger proportion 
of house owners, and its period of observation was consequently longer. 

3. Differences common to all families were found in the time changes 
between two surveys in living conditions among the group of 366 families. 
In the interval of 3.7 years between surveys there was a significant im- 
provement in the living status of renters. ‘This was shown by a decrease 
in housing density, a decrease in rent per room, a slight increase in rent 
per person, and a larger proportion of families at the end of the period 
with adequate sanitation and a good cleanliness rating. Improvement 
among house-owners occurred but was not so marked. 

4. Whether this improvement was associated with the dispensary 
service or was part of a general rise in the standard of living throughout 
the community cannot be determined. Both factors may have played a 
part. 

5. The standard of living as measured by housing density was higher 
among house-owners in every case. In the same way self-supporting 
families were better off than those financially dependent on the welfare 
agencies. Households equipped with adequate sanitation and with a 
good grade of cleanliness also had a lower housing density. 

6. The most important diagnostic difference was the larger proportion 
of Italians among sputum-positive families and of Hebrews among the 
sputum-negative. Italians predominated among the nontuberculous. 

7. Italian families were invariably larger and had a greater housing 
density than Hebrews. 

8. Dependency increased among C+CD families and appeared to 
follow rather than precede the occurrence of the disease. Among C— 
families dependency decreased. Evidently sputum-positive tuberculosis 
had an economically more disastrous effect. 

9. Nontuberculous families were not strictly comparable due to the 
absence of a similar need for dispensary service. The larger number 
dropped from the visiting list may indicate a more rapid return to 
economic self-sufficiency. 
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10. Nontuberculous families were invariably larger than the tuber- 
culous, and their housing density higher. Other differences were not 
significant, but the general picture indicates a lower standard of living 
in this group. 
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THE BIONOMICS OF FAMILIES ATTENDING A TUBER- 
CULOSIS DISPENSARY' 


II. Dispensary Attendance and Diagnosis of the Family Population 
PERSIS PUTNAM 


In a preceding paper (1) the purposes and program of this study of 
505 white families under observation at the Henry Phipps Institute in 
Philadelphia were outlined. The source of material and the method of 
statistical treatment were also discussed. The analysis, however, was 
limited to the general characteristics and the social and economic status 
of the families. The present paper will consider the individuals in these 
families in terms of their association with the dispensary. 

The same family diagnostic classes will be maintained as a basic sub- 
division. These groups were defined as follows: 


C+CD: Families (1) with one or more cases of manifest pulmonary tuber- 
culosis with tubercle bacilli in the sputum, or (2) with a patient who died of the 
disease but from whom a positive sputum was never obtained. 

C—: Families with tuberculous patients from whom sputum containing 
tubercle bacilli has never been obtained. 

NCPC: Families with no known cases of the disease. 


The diagnostic classification of individuals in these families does not 
differentiate between those with tubercle bacilli in the sputum and other 
cases of manifest disease. Consequently, the C+CD families include 
some patients with positive and some with negative sputum, but all 
patients in C— families are negative. 

One of the basic requirements for this study was that the records 
should contain two complete enumerations of the members of the family, 
designated as Census I and Census II. The first census was made at the 
beginning of the period of dispensary observation and the second was the 
last date for which information was available. It was found that the 
maximum intercensal interval for families selected in 1922-1925 was 


1 The studies and observations on which this paper is based were conducted with the 
support and under the auspices of the International Health Division of the Rockefeller 
Foundation and with the codperation of the Henry Phipps Institute of the University of 
Pennsylvania. 
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approximately six years, for those selected in 1926-1927, four years, and 
for those selected in 1928-1929, two years, and that the average per 
family for the total! group was four years. 

Obviously there were individuals present at the first census who were 

not in the families at the second, and vice versa. As a matter of fact, 
however, 83 per cent of the persons in the families at the first census were 
also there at the second. 
- In this study no account will be taken of the length of residence of the 
individuals in the family nor of the duration of intensive dispensary 
observation. Both of these factors will be considered in a later analysis 
of morbidity and mortality in this population. Here we are concerned 
primarily with the response of the persons in these families to the service 
offered by the dispensary, and with the population turnover during the 
interval. 

The subjects to be analyzed will include the following: 


1: Dispensary attendance and tuberculosis rates 
2: Population turnover 

3: Year of first dispensary visit 

4: Interval between first and last dispensary visits. 


Dispensary Attendance and Tuberculosis Rates: One of the important 
functions of the dispensary is the periodic examination of members of the 
family who are tuberculous themselves or in contact with the disease. 
It is, therefore, of interest to learn what portion of the family population 
actually attended the dispensary. If the individual had been examined 
at the time of the first census, he was recorded as tuberculous or non- 
tuberculous according to the dispensary diagnosis; if not examined, he 
was recorded as a nondispensary member of the family. The same method 
was followed at the second census. 

To qualify as a dispensary patient the individual must have been given 
a chest examination, an X-ray, or a completed tuberculin test. At the 
present time a new patient routinely receives all three, but formerly this 
procedure was not invariably followed. Tuberculous patients were 
those with manifest disease. No account was taken of arrested cases. A 
patient once diagnosed tuberculous remained so for the period of this 
study or for as long as he was under observation. Doubtful cases were 
so few that they have been included among the nontuberculous. 

The intercensal changes in dispensary attendance and diagnosis will be 
considered. We shall also study the differences between the older and the 
more recent dispensary families as well as differences on the basis of race 
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TABLE 1 


Dispensary diagnosis and attendance of persons in all families at first and second censuses, 
according to year of first census and family diagnosis 


DISPENSARY STATUS 


ee YEAR OF | NUMBER 
: FIRST OF Non- Non- x? P 
census | rammes | TUber-| tuber- dispen-| Total Per cent/Per cent 
culous culous | sary |Persons Tuber- Dis- 
Cases y culous |pensary 


Cases |Persons 


Census I 


234 
124 


1922-5 
1926-9 


358 


Total 


Cc— 1922-5 40 34 127 91 | 252 | 13. 
1926-9 84 17 


Total 211 


1922-5 
1926-9 


Total 


1922-5 
1926-9 


All families 


Total 


Census 


308 
455 


1922-5 
1926-9 


763 


Total 


175 
230 


1922-5 
1926-9 


405 


Total 


NCPC 1922-5 84 — 467 | 106| 573 | — | 81.5 
1926-9 


Total 


1922-5 
1926-9 306 167 983 | 467 |1,617| — | 71.1 


All families 


Total 


al 
c+cD | is | 59 | 468 | 12.6 | 62.6 
151 | 136 547 | 807 | 16.9 | 32.2 |178.35 | .000 a 
195 | MMM | 722 |1,275 | 15.3 | 43.4 
5 | 63.9 
3 | 34.9 | 88.52 | .000 cf 
403 | 731 | 16.0 | 44.9 
NCPC 84 |+— | 245] 304] 549] — | 44.6 
66 | — | 163] 248] 411] — | 39.7] 2.374] .123 
mm | — | 408] 552] 960} — | 42.5 | 
199 | 93 | 570 — | 55.1 
306 | 219 | 371 |1,107 |1,697 | — | 34.8 

505 | 312 | 977 [1,677 |2,966| — | 43.5 
| 

C+CD 75 40 80 | 428] 9.3 | 81.3 
151 81 210 | 746 | 10.9 | 71.8 | 15.49 | .000 a | 

(226 «121 | | 290 /1,174 | 10.3 | 75.3 

40 40 30 | 245 | 16.3 | 87.8 
89 86 141 | 457 | 18.8 | 69.1 | 35.53 | .000 

«126 | 171} 702 | 17.9 | 75.6 
12.50 | .000 if 
| 505 | 247 |1,935 | 682 [2,864 | — | 76.2 
i 
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and sex. The Chi-square test has been used for this analysis since it 
furnishes a single expression of the character of the differences between 
two or more distributions. It is assumed that a P value of 0.043 is 
sufficient evidence that the differences present were associated with the 
factors compared, race, sex, etc., and were not due to sampling only. 
Such a P value indicates that the probability of a chance occurrence of a 
difference as great or greater is only about 4 in 100 trials. 

Table 1 contains the record of dispensary attendance in terms of 
individual and family diagnosis at each census according to the year of 


Tuberculous 
////, Non-tuberculous 
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Femily Diagnosis and Year of First Census 


Fic. 1. PERCENTAGE OF FAmMiILy POPULATION EXAMINED BY THE DISPENSARY AND FOouND 
TUBERCULOUS AT EACH CENSUS, ACCORDING TO Famity DIAGNOSIS AND 
YEAR OF First CENSUS 


first census. Attendance and tuberculosis rates based on examined and 
unexamined populations are shown in figure 1. Comparisons were made 
by Chi-square of the relative number of tuberculous, nontuberculous, and 
nondispensary persons in 1922-1925 and 1926-1929 families. This table 
and diagram warrant careful study. 

At the time of the first enumeration 44 per cent of the population of all 
the families were already enrolled in the dispensary. At the second 
census this percentage had increased to 76. More than 63 per cent of the 
individuals in the tuberculous families registered in 1922-1925 had been 
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examined at the time of the first census as compared with about 33 per 
cent of the individuals in the tuberculous families registered in 1926-1929. 
This difference arose from the fact that most of the 1922-1925 families 
had been coming to the dispensary for some time prior to their selection 
for study. The difference between rates for earlier and later NCPC 
families was not significant. 

Intercensal increases in dispensary attendance rates were all significant, 
and the difference between earlier and later tuberculous families was still 
apparent at the second census. 

The tuberculosis rates show some interesting differences. Those for ‘a 
1922-1925 families were somewhat lower than those for 1926-1929 
families, but the only significantly lower rate was that for C+CD families a 
at the time of the first census. The tuberculosis rates for all C+CD fi d 


TABLE 2 
Distribution of families according to the number of tuberculous patients at first and second censuses 


TUBERCULOUS PATIENTS 
CENSUS x? P 
Total 


FAMILY 
DIAGNOSIS 


226 
226 


C+CD 


63.73 .000 


129 
129 


families decreased during the intercensal period, significantly so for 
the 1926-1929 families. Rates for C— families, however, rose slightly, 
so that the differences between the per cent tuberculous in C+CD and 
C— families became statistically significant. This is shown by the 
small P values given by the Chi-square tests below: 


Comparison by Chi-Square of tuberculous with nontuberculous persons in C+-CD and C— families 
at the Second Census 


Year of first 
census x? P 


The decrease in the number of tuberculous patients inC+CD families 
is shown from another angle in table 2, which groups the families accord- 
ing to the number of tuberculous individuals in each. 

It should be recalled that the classification of a family as C+CD did 


| 
| 
I 46 169 if 
II 124 86 16 i 
I 20 101 8 ‘ 
| 
0.000 | 
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not necessitate the presence in the family of a patient with positive 
sputum during the period of this study, since the primary case may have 


TABLE 3 


Dispensary diagnosis and attendance of persons in all families at first and second censuses 
according to family diagnosis and race 


DISPENSARY STATUS 


FAMILY — N N 
OF on- on- 
DIAGNOSIS | | tuber- dispen-| Total Per cent/Per cent 
culous Tuber-| Dis- 
Cases culous | sary |Persons culous | pensar 
Cases {Persons y 


Census I 


Italian 156 | 405 
Hebrew 108 156 
Other 94 161 


Italian 59 83 
Hebrew 109 214 
Other 43 106 


Italian 204 | 330 
Hebrew 123 157 
Other 81 65 


Italian 419 | 818 
Hebrew 340 | 527 
Other 218 | 332 


Census IT 


Italian 415 
Hebrew 186 
Other 162 


Italian 126 
Hebrew 192 19.87 
Other 87 


Italian 423 
Hebrew 209 . 8.473 
Other 133 


Italian 964 
Hebrew 587 
Other 382 


died or have been removed prior to the selection of the family for obser- 
vation. It is also possible that cases may have developed and have been 


| 
| 
| 
. C+CD 646 | 13.2 | 37.3 
322 | 18.0 | 51.6 |$20.66 | .000 
307 | 16.9 | 47.6 
c- 170 | 16.5 | 51.2 
/ 384 | 15.9 | 44.3 |$ 5.329] .255 
177 | 15.8 | 40.1 
NCPC 534 | — | 38.2 }) 
280 | — | 43.9 |$14.34 | .001 
146| — | 55.5 
Total 1,350] — | 39.4 
986 | — | 46.6 
630 | — | 47.3 
C+CD 134 | 593 | 7.4| 77.4 
64 | 290 | 13.8 | 77.9 {$23.56 | .000 
92 | 291 | 12.7 | 68.4 
NCPC 
015 
Total | 301 j1,335 | — | 77.5 
: 227 | 921| — | 75.4 
155 | 607] — | 74.5 
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removed during the interval between the first and second censuses. Asa 
matter of fact, table 2 shows that there were 46 C+CD families at the 
first census in which there were no cases, and 124 at the second, a signifi- 
cant increase. Among the C— families the number with no cases was 
much smaller, and the intercensal change was insignificant. d 

Table 3 and figure 2 show racial differences in dispensary attendance A) i 
and tuberculosis rates. The P values given by the Chi-square tests : 
indicate significant differences in every instance except that of C— 
families at the first census. 


Tuberculous 
V///) Non-tuberculous 
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Family Diagnosis and Race 


Fic. 2. RactAL DIFFERENCES IN DISPENSARY ATTENDANCE AND TUBERCULOSIS RATES AT 
Eacu CENSUS, ACCORDING TO FAMILY DIAGNOSIS 


Attendance rates were higher for Hebrews in C+CD families, for 
Italians in C — families, and for the miscellaneous group in NCPC fami- 
lies. These differences appear to be associated with the time the families 
were selected for study, rather than with racial factors. A larger pro- 
portion of the Hebrew C+CD families was registered in 1922-1925 
than of Italian C+CD families. Among Italian C— families there was a 
greater proportion in the earlier group than was true of Hebrew C— 
families. ‘This is shown in the following table: 
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Per cent of families registered in 1922-1925 


Italian Hebrew Other 
39 14 
27 34 
52 54 


Examination of the tuberculosis rates in table 3. and figure 2 shows 
that Italians had a lower rate in the C+CD families, and that this group 
alone showed a significant intercensal drop. Racial differences in mor- 
tality and morbidity will be discussed more fully in the next paper. 


TABLE 4 


Dispensary diagnosis and attendance of persons in all families at first and second censuses 
according to family diagnosis and sex 


DISPENSARY STATUS 


FAMILY 
CENSUS Non- | Non- 
DIAGNOSIS tuber- | dispen-| Total Per cent|Per cent 


Tuber-| Dis- 
culous | sary |Persons 
Cases |Persons culous /pensary 


C+CD Males 151 | 361 | 636 | 19.5 | 43.2 
Females 207 | 361 | 639 | 11.1 | 43.5 
Males 326 | 174 | 561 | 10.9 | 69.0 
Females 437 116 | 613 9.8 | 81.1 


Males 105 | 204 | 372 | 16.9 | 45.2 
Females 106 | 199 | 359 44.6 
Males 199 91 | 355 74.4 
Females 206 80 | 347 76.9 


Males 298 | 483 38.3 
Females 254 | 477 46.8 
Males 128 | 492 74.0 
Females . 94 | 495 81.0 


Differences in dispensary attendance and tuberculosis rates between 
males and females are shown in table 4 and figure 3. The tuberculosis 
rate for females was consistently lower than that for males, although 
the only significant difference was that found in C+CD families at the 
first census. Attendance rates were the same for both sexes in tuber- 
culous families at the first census but in other instances the female rate 
was higher. Thus we have the interesting situation of a lower tubercu- 
losis rate in the group in which the larger proportion of persons was ex- 
amined. Further differences with respect to sex will be discussed more 
fully later. 
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Population Turnover: Table 5 shows the changes in family population 
between the first and second censuses as well as the initial and final 
dispensary diagnosis of the various groups. It also shows the aggregate 
population, including losses and gains according to the final dispensary | i 
diagnosis. 

This table contains a number of interesting features. It explains the H 
intercensal drop found in table 1 in the tuberculosis rate for C++CD 
families. Among the persons leaving these families before the second 
census, 43 per cent were tuberculous as compared with 15 per cent of 


Tuberculous 
(/7//4 Non~tuberculous 
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Fic. 3. DIFFERENCES IN MALE AND FEMALE DIsPENSARY ATTENDANCE AND TUBERCULOSIS 
RATES AT EACH CENSUS, ACCORDING TO Famity DIAGNosIs 


those leaving C— families. This represented a tremendous loss in the 
tuberculous population of the sputum-positive group. In the aggregate 
population, on the other hand, the tuberculosis rates were the same, 17.1 
per cent for C+CD and 17.6 for C— families, indicating that the propor- 
tion of tuberculous persons in each group was actually the same. 

This fact may explain the lower tuberculosis rate among the C+CD 
families registered in 1922-1925 (table 1), as well as the larger number 
of C+CD families with no cases, found in table 2. The earlier families 
had been under observation for some time prior to the year of the first 
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TABLE 5 
Intercensal changes in family population, according to dispensary diagnosis and attendance 


DISPENSARY STATUS 


INDIVIDUAL 
PERSONS IN FAMILY DIAGNOSIS 
at census | Juber- 


Non- Non- 
tuber- | dispen- | Total 
culous | sary /|Persons 
Cases {Persons 


Per cent/Per cent 
Tuber-| Dis- 
culous | pensary 


C+CD Families 


I 195 358 | 722 {1,275} 15.3 | 43.4 
II 249 | 815 | 211 |1,275)| 19.5 | 83.5 
II 117 | 704 | 148 969 | 12.1 | 84.7 
II 4 59 | 142 205| 2.0 | 30.7 
II 121 | 763 | 290 |1,174] 10.3 | 75.3 
II 132 | 111 63 306 | 43.1 | 79.4 
i Total census II plus census I only... II 253 | 874 | 353 |1,480| 17.1 | 76.1 
C— Families 
I oi dcnncnines<socdatdnke I 117 | 211 | 403 731 | 16.0 | 44.9 
II 140 | 416 | 175 731 | 19.2 | 76.1 
II 126 | 376 | 137 | 639 | 19.7 | 78.6 
29 34 63 | 0.0 | 46.0 
I 126 | 405 | 171 | 702 | 17.9 | 75.6 
II 14 40 38 92 | 15.2 | 58.7 
Total census II plus census I only... II 140 | 445 | 209 794 | 17.6 | 73.7 
; NCPC Families 
I — | 408 | 552 | — | 42.5 
II 764 | 196 | 960} — | 79.6 
— | 699 | 164 | 863] — | 81.0 
II 66 58 124; — | 53.2 
i Total census II...............00-- II — | 765 | 222 | 987| — | 77.5 
II 65 32 97 | — | 67.0 
Total census II plus census I only... II — 830 | 254 |1,084 | — | 76.6 


census, and many primary cases had already been removed when the 
enumeration was made. 

Further evidence of the greater turnover in population in the C+CD 
families appears in the following percentage of persons who were resident 
in the families at both enumerations: 


Family Per cent of Census I popuiation 
diagnosis in family at Census II 


The nontuberculous families had the most stable population. 
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Apparently some force was affecting family size in the dispensary 
group, particularly in the C+CD families, which was not found in the 
It is now obvious that it was the removal of the tuber- 


city as a whole. 
culous population from the C+CD families. 
207 
h 

\ 
\ 


! 
J 


C+CD families 
C- families 
NCPC families 


1925 1930 


1910 1915 1920 
Year of First Dispensary Visit 


Fic. 4. DISTRIBUTION OF DISPENSARY PATIENTS OF ALL FAMILIES, ACCORDING TO YEAR OF 
First DIsPENSARY VISIT AND FINAL DIAGNOSIS 


Year of First Dispensary Visit: Although the study of the families 


did not begin on an intensive scale until 1924, many individuals had been 
It seemed desirable, therefore, to 


dispensary patients at an earlier date. 
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examine the dates of first visit and the period between first and last visits t 
prior to January 1, 1931. 7 

The aggregate dispensary population, including losses and gains accord- ‘fi 
ing to the final diagnosis, was used.2, Mean dates of first visits are given 
in table 6. The percentage frequency distributions are shown in figure 4. 

Four persons from these families first visited the dispensary in the 
decade 1900-1909. Fifty-two came between 1910-1914, but the great 
bulk of the population was enrolled after 1920. Tuberculous patients 
came earlier than nontuberculous, and those from C— families came 
before those from C+CD families. The mean date of first visits for C— 


TABLE 7 


Mean interval in years between first and last dispensary visits of patients, according to year of first 
visit and final diagnosis; all families 


C+CD NCPC 


Individual Diagnosis Individual Diagnosis es 


MEAN 
MAXIMUM 
INTERVAL 


YEAR OF FIRST 
DISPENSARY VISIT 


Non- Non- 
Tuberculous tuberculous | tuberculous 


Non- 
Tuberculous tuberculous 


Mean Interval in Years 


1900-9 26 21 24 17 0 a 
1910-14 18.5 15 11 17 10 i. 
1915-19 13.5 13 10 12 11 11 f 
1920-1 10 8 7 8 8 6 1 
1922-3 8 5 4 7 5 5 ‘ 
1924-5 6 3 4 4 4 3 a 
1926-7 4 2 2 2 2 2 H 
1928-9 2 0.8 0.9 1 0.8 0.8 1 
1930 0.7 0.1 0 0.3 0.1 c 

Mean 1910-1930..} 10.5 8.5 6.7 9.0 6.9 7.8 if 


tuberculous patients was February, 1923, nearly two years earlier than 
that for C+CD patients, which was December, 1924. Mean dates of all ’ 
nontuberculous persons fell in 1925. 

If the mean date of first visits is considered in connection with the year 
of first census, conspicuous differences, all of which are significant, appear 
(table 6). This is logical, since there would obviously be some correlation 
between the mean dates of first visits and the year of selecting the family 


? This population includes 39 persons who were resident in the families for six months or 
more between enumerations. They were included in error, but their number was so small 
that the cards were not run again to eliminate them. 
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for observation. The interesting point, however, is that these mean 
dates all antedated the midpoint of the interval included in the years of 
first census. Tuberculous patients of C— families with year of first 
census in 1922-1925 had the earliest mean date, April, 1920; and those 
of C+CD families in the same group the next earliest, November, 1921. 
The mean date for nontuberculous persons in these families occurred in 
1923. The reason for the high attendance rate of the early tuberculous 


~~-~--Mean maximum expected interval 
—-—Tuberculous patients, C+CD families 
—— Non-tuberculous patients, C+CD families 


Interval Per Person in Years 


1910 1915 1920 
Year of First Dispensary Visit 


Fic. 5. MEAN INTERVAL BETWEEN First AND Last DISPENSARY VISITS, ACCORDING TO YEAR 
oF First Visit AND Frnat Dracnosis, ALL FAMILIES 


families, over 63 per cent, at the time of the first census (table 1) is 
therefore apparent. 

Interval between First to Last Dispensary Visits: The method followed 
in analyzing the mean interval per person between first and last dispen- 
sary visits was the same as that used in studying the intercensal interval 
and period of observation in the study of families. A theoretical mean 
maximum interval per person was computed for individuals enrolled 
between certain dates, on the assumption that the last visit was made 
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at the end of 1930. This maximum interval of dispensary contact was 
then compared with the interval obtained from the observed facts. 
The results are shown in table 7 and figures 5 and 6. 

Since only four persons were enrolled in the decade 1900-1909, the 
observed durations of dispensary contact for this group may be dis- 
regarded. Those for persons enrolled in the 1910-1914 period fell con- 
siderably below the expected maximum except in the case of tuberculous 

Mean maximum expected interval 
Tuberculous patients, C- families 


Non-tuberculous patients, C- families 
Non-tuberculous patients, NCPC families 


i910 1915 1920 
Year of First Dispensary Visit 


Fic. 6. MEAN INTERVAL BETWEEN First AND LAsT DISPENSARY VISITS, ACCORDING TO YEAR 
oF First Visit AND Frnat Dracnosis, ALL FAMILIES 


patients in C— families. After 1915 the observed intervals followed the 
mean maximum fairly well. Tuberculous patients in C— families 
approached the maximum more closely than those in C+CD families, 
and all tuberculous patients were nearer the maximum than nontuber- 
culous individuals in the same families. 

In computing the mean interval per person for the entire range, the 
mean obtained for those enrolled in a given period was multiplied by the 
number of years in the interval to correct for the varying length of 
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interval used. The sum of these weighted averages was divided by the 
number of years in the entire range. In this way no account was taken 
of the number of individuals in any group, and the observed interval for 
individuals enrolled in 1915-1919 was given equal weight with that for 
those enrolled in 1920-1924, although a great many more actually came 
into the dispensary in the latter period. 

The means for the entire range were reckoned from 1910 rather than 
1900, and the results are shown in figure 7. The longer period of dis- 


ae Tuberculous patients 
Non=tuberculous patients 
Expected 


C+CD C= 
Interval 


Fic. 7. MEAN INTERVAL IN YEARS BETWEEN First AND LAsT VISITS OF PERSONS ATTENDING 
THE DisPpENSARY 1910-1930, accorpING To FrnaL Dracnosis, ALL FAMILIES 
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pensary contact among tuberculous patients in C— families is apparent 
here. Both tuberculous groups had a longer interval than the non- 
tuberculous populations in the same families. Among the nontubercu- 
lous, those with the longest interval were found in NCPC families. 

The reason for these findings is clear. The dispensary’s primary 
interest is to keep the tuberculous patients under supervision. Further- 
more, the patient needs the dispensary service. The duration of dis- 
pensary attendance also depends upon the length of life of the patient 
and this, as will be seen later, was greater among C — patients. 
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SUMMARY 


In this paper the study of 505 white families attending the dispensary 
of the Henry Phipps Institute has been extended to include an analysis of 
dispensary attendance and diagnosis of individuals in the family popula- 
tion with respect to the amount and duration of dispensary contact, 
population turnover, sex, and racial differences. The findings which 
may be attributed to the manner in which the dispensary operates will be 
presented separately from those associated with the disease, as far as 
distinctions may safely be drawn. 

The findings attributable to dispensary operation concern dispensary 
attendance and may be summarized as follows: 

1. At the time of the first census 44 per cent of the entire family popu- 
lation had already been examined by the dispensary. Among tuber- 
culous families in the 1922-1925 group this percentage was 63. These 
high percentages were due to the fact that many of the families had been 
visiting the dispensary prior to their registration for intensive super- 
vision. 

2. At the second census the percentage of individuals examined had 
risen to 76, showing the response of the people in these families to the 
dispensary service offered. 

3. The higher attendance rate among women indicates a greater re- 
sponsiveness on their part to the service offered. 

4. Tuberculous patients visited the dispensary earlier and remained in 
attendance longer than nontuberculous individuals. This was a natural 
result of the dispensary’s effort to keep the patients under continuous 


observation. 


The results of the analysis more probably attributable to the nature 
of the disease are the following: 

1. The tuberculosis rate for females was lower than that for males in 
spite of the fact that a larger proportion of females was examined in the 
dispensary. 

2. Tuberculosis rates among Italians were lower than among Hebrews 
in C+CD families. The rate for Italians dropped significantly between 
the first and second censuses. 

3. The earlier date of first visit and the longer period between first and 
last visits of patients in C— families were probably dependent upon the 
greater duration of the disease. This question will be analyzed in the 


next paper. 
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4. The greater turnover in the population of C+CD families arose 
from the loss of their tuberculous patients. Among the individuals 
leaving these families 43 per cent were tuberculous as compared with 15 
per cent in C— families, while the rate in the aggregate population was 
17 per cent in both groups of families. The drop in the tuberculosis 
rate in C+CD families, especially among Italians, as well as the greater 
reduction in the size of these families, was probably due to the loss of the 
patients. 

Many of these questions wil) be discussed further in the analysis of 
tuberculosis morbidity and mortality in the following paper (Study ITI). 
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THE BIONOMICS OF FAMILIES ATTENDING A TUBER- 
CULOSIS DISPENSARY'? 


III. Tuberculosis Morbidity and Mortality among Italians and Hebrews 
PERSIS PUTNAM 


This chapter of the analysis of 505 white families under observation at 
the Henry Phipps Institute in Philadelphia is devoted to a study of 
tuberculosis morbidity and mortality among Italians and Hebrews in terms 
of age, sex, and family diagnosis. In earlier papers (1) (2) we have con- 
sidered the general characteristics of these families, their housing and eco- 
nomic status, as well as the question of dispensary attendance and the 
incidence of tuberculosis among persons resident in the families at the 
time of the two enumerations. In discussing the results of the present 
analysis, pertinent findings in the earlier papers will be further considered. 


POPULATION SELECTED FOR ANALYSIS 


The classification of the original group of families according to diagno- 
sis and race brought out the fact that nearly one-half of the families with 
sputum-positive cases were Italian and about one-fourth Hebrew, and 
that among families with sputum-negative cases more than one-half were 
Hebrew and less than one-fourth Italian. Since these two racial groups 
comprised three-fourths of all 505 families, they were a sufficiently large 
number to analyze separately. The present study will consider, there- 
fore, only these families, and no further reference will be made to those of 
other nationalities. 

Precise information regarding the physical well-being of the people in 
these families can be obtained only through frequent examination. Fur- 
thermore, changes in the family population can be followed only through 
home visits. For this reason, the period considered in this study will be 
that during which the families were being visited by the nurses and were 
under the immediate supervision of the dispensary. Members of the 
family will be included only while resident during this period. 
Twenty-two families for which no period of observation could be traced 
1 The studies and observations on which this paper is based were conducted with the sup- 


port and under the auspices of the International Health Division of The Rockefeller Founda- 
tion and with the codperation of the Henry Phipps Institute of Philadelphia. 
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in the records were excluded. The group selected for this study consisted 
of 373 Italian and Hebrew families. Their distribution according to diag- 
nosis is given in table 1. 

The terms used to designate the diagnostic classes have been defined 
previously (1) (2). C-+CD families included those with sputum-positive 
cases and a few with patients who had died from pulmonary tuberculosis, 
but from whom sputum containing tubercle bacilli was never obtained. 
C— families had cases of manifest disease with no positive sputum, and 
NCPC families were nontuberculous. 

The diagnostic distribution in table 1 indicates that 63 per cent of the 
C+CD families were Italian and 72 per cent of C— families were Hebrew. 
NCPC families were largely Italian. The differences were highly signifi- 
cant, as shown by the large x? and small P value. 


TABLE 1 
Distribution of 373 Italian and Hebrew families according to diagnosis 


FAMILY DIAGNOSIS 


C+CD c- NCPC Total 


Num- - Num- Num- P 
ber of | Per cent Per cent | ber of | Per cent | ber of ~s 
ilies families families} “ 


100 : 28. 73 61.9 | 200 53.6 
1 


59 ‘ : 45 | 38. 173 | 46.4 


159 118 | 100.0 | 373 | 100.0 


Table 2 indicates the number of persons and deaths in these 373 families. 
There were 2,385 individuals almost equally divided between the sexes. 
Ninety-four deaths occurred, two-thirds of them among males. The 
Italian population was larger than the Hebrew and had more than twice 
as many deaths. The basis on which these individuals were selected for 
study will be described more fully. 

It will be recalled that two enumerations were required of each family 
selected for analysis. The first was taken when the family was placed 
under intensive supervision. The last was the final date for which in- 
formation could be secured. Some persons were resident at the first 
census but not at the second, and vice versa. The composition of this pop- 
ulation and its turnover has been discussed (2). The aggregate of indi- 
viduals in the families at first or second census was used as the basis for the 
present study. Persons not in the family at either census were excluded. 


fi 
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Residence in the family was the basis of selection. A person was 
credited with residence for every calendar year in which he spent as much 
as six months at home while the family was under supervision. Persons 
resident less than six months were counted out for that year. In this way 
all those under observation in any given year could be accounted for, and 
mortality and morbidity in terms of the total population exposed to the 
risk of infection in any year could be analyzed. 

There was one exception to this rule. A tuberculous patient who was 
removed to a sanatorium or hospital and died there was included, while 
the family was under observation, until he died. Strictly speaking these 


TABLE 2 


Distribution of population and deaths according to race, sex, and family diagnosis, 373 Italian 
and Hebrew families 


FEMALES 


MALES 


FAMILY DIAGNOSIS RACE 


— Deaths | P — Deaths | Popula- | neaths 


C+CD Italian 323 341 


C— Italian 92 3 90 1 182 4 

Total tuberculous Italian 415 40 431 19 846 59 

C+CD Hebrew 159 14 148 7 307 21 

C-— Hebrew 201 5 190 1 291 6 

Total tuberculous Hebrew 360 19 338 8 598 27 

NCPC Italian 284 2 286 3 570 L 
Hebrew 139 132 2 


717 
470 


699 
499 


Italian 
Hebrew 


Total 


1,198 62 1,187 32 2,385 94 


cases were not in residence, but the dispensary had a record of their status 
during the interval and of their death, and it seemed reasonable to con- 
sider them as being under observation. 

Theoretically we should treat all the original population as exposed to 
risk of infection during the entire period of family observation. There 
were two factors which appeared to justify our method of handling the 
data, however. In the last paper (2) we found the largest population 
turnover among the C+CD families, some 24 per cent as compared with 
13 per cent in C— families and 10 per cent in NCPC families. Among 
the persons leaving C+CD families 43 per cent were tuberculous as com- 
pared with 15 per cent of those leaving C — families. 


1. 
TOTAL 
| 
42 22 | 1,416 | 64 
20 10 969 | 30 y 
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Per cent tuberculous (final 
Family diagnosis) in population 
diagnosis at first census 
Toial Leaving family 
43.1 
15.2 


The turnover among the tuberculous in C— families was not greater 
than should have been expected in consideration of the amount of tuber- 
culosis in the group from which they came. Among C+CD families the 
tuberculosis rate was more than twice as high in the group lost as in the 
original population. Obviously, all the patients removed from the fami- 
lies did not die in institutions, but a large proportion did, and, since the 
object of this study is to consider the fate of the tuberculous, they must 
be included. 

The selection of individuals on a residence basis actually reduced the 
mortality among thetuberculousin the population studied. Often it was 
the advanced case that first brought the family to the attention of the dis- 
pensary. If the patient was sent to the hospital and died within six 
months of the date of first dispensary visit, he was automatically excluded 
due to insufficient residence in the family. This happened in a number of 
instances. It is believed, therefore, that any undue weight given the 
tuberculosis mortality rate by the exception made was counterbalanced 
by losses sustained in this way. 

Another group that suffered through this selective process was the in- 
fant population, since no child which died within the first six months of 
life was included. This question will be discussed later. 

The final diagnosis recorded by the dispensary was used. This meant 
that a person diagnosed as tuberculous at some time during the period of 
observation was classified as tuberculous throughout. No account was 
taken of sputum findings or of arrested disease. The presence of man- 
ifest tuberculosis only was indicated. 

In the previous paper (2) persons never attending the dispensary were 
classified separately. In the present study they were included with the 
nontuberculous dispensary group on the assumption that they were prob- 
ably nontuberculous. All but 24 per cent of the aggregate population 
was examined, and it seems unlikely in a group as well supervised as this 
that more than a very few cases of manifest disease were missed. 


PROGRAM AND TECHNIQUE OF ANALYSIS 


Classification of the 2,385 individuals in this population according to 
family diagnosis, race, and sex will be maintained throughout the dis- 
cussion. The following subjects will be studied: 
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: Age at beginning of observation 
: Age of the tuberculous at death 
: Age specific tuberculosis morbidity rates 

: Duration of observation 

: Comparison of expected with observed mortality 


A life-table procedure was followed in the analysis of morbidity and 
mortality. Each individual was counted in the population at each year 
of age passed through while he was under observation in the family. 
The aggregate “person years” in any group, therefore, would be the 
number of individuals multiplied by the mean number of years of observa- 
tion per person for that group. The tuberculosis rate for any year of 


TABLE 3 
Mean age at the beginning of observation by race, sex, and diagnosis, of 373 Italian and Hebrew 

Samilies 
Mean Age Entire Population 21.0+..23 yrs. 


Standard deviation = 16.86 yrs. 


ITALIANS HEBREWS 


INDIVIDUAL 
DIAGNOSIS 


FAMILY DIAGNOSIS 


Males Females Males Females 


C+CD Tuberculous | 32.8 + 1.56] 22.8 + 1.87| 45.4 + 1.95) 34.8 + 2.15 


24.84 .90)25.5+ .94 


20.54 .62 


22.14 .63 


Total 


Tuberculous | 37.0 + 2.61) 32.5 + 4.64) 42.4 + 1.84) 42.4+ 1.98 


23.824 .82 


.80 


19.2 + 1.20) 23.8+ 


19.8 + 1.19 


Total 


38.9 + 1.46 


43.8 + 1.33 


All tuberculous Tuberculous | 33.9 + 1.34) 24.5 + 1.70 


20.2 + .55)24.2+ .60/24.6+4 .62 


21.6+ 


Total 


21.42 .9 


16.9+ .67;206+ .96 


Total 17.34 .67 


NCPC 


age would be based on all the tuberculous and nontuberculous indi- 
viduals who were under observation at this age. In this way the rates ; 
were put on an annual basis and the differences in length of residence of 
the various groups were taken into account. 

This method of analysis was used recently by Dayton, Doering, et al. 
(3) in a study of mortality and expectation of life among mental defec- 
tives. It will not be possible in the present paper to compute age specific 
death-rates or expectation of life, but we shall be able to make some 
comparisons between expected and observed mortality in the various 
groups analyzed. 

Age at the Beginning of Observation: Age at the time of the first census 
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was used for persons then resident in the families. For those who en- 
tered the family later the age at entry was used. Children born between 
the first and second censuses were entered at zero age. Mean ages were 
computed for all the groups and are given in table 3. The standard devi- 
ation of the entire population of 2,385 persons was used for computing 
the probable errors of the various groups, on the assumption that the 
subgroups were samples from this population and subject to the same 
variability. 

The mean ages of all persons in the different family groups will be dis- 
cussed first, and those of tuberculous patients later. 
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Fic. 1. AGE DISTRIBUTION AT THE BEGINNING OF OBSERVATION OF ALL PERSONS IN C+CD 
ITALIAN AND HEBREW FAMILIES, BY SEX 


The mean ages of males did not differ significantly from those of females 
in the subtotal populations. In nontuberculous families the mean ages 
were four years lower than those for tuberculous families. Statistically 
speaking, however, the differences were significant in the Italian popula- 
tion only. The average age for Hebrews was from three to five years 
above that of Italians. Significant differences were found between Ital- 
ian and Hebrew women in each diagnostic group and between men in the 
total tuberculous group of families. 

Figures 1 to 3 compare the percentage age distributions of these popula- 
tion groups. The curves show a strictly family type of age distribution. 
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Per Cent Population in Each Age Group 
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Age 
Fic. 2. AGE DISTRIBUTION AT THE BEGINNING OF OBSERVATION OF ALL PERSONS IN C— 
ITALIAN AND HEBREW FAMILIES, BY SEX 
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Fic. 3. AGE DISTRIBUTION AT THE BEGINNING OF OBSERVATION OF ALL PERSONS IN NCPC 
ITALIAN AND HEBREW FAMILIES, BY SEX 


The child and parent generations in most of them are quite marked, and 
some have a suggestion of still another, a grandparent gener ion. Be- 
tween child and parent peaks there is a depression occurring in early adult 
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years. The larger proportion of children in the NCPC fmilies is a con- 
spicuous feature of these curves. 

Figure 4 compares the age distributions of the tuberculous populations 
of the two races. The means are given in table 3. 

Tuberculous Hebrews had a mean age approximately ten years above 
that of tuberculous Italians. Figure 4 shows the character of these 
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Fic. 4..AGE DISTRIBUTION AT THE BEGINNING OF OBSERVATION OF ALL TUBERCULOUS 
Persons IN C+CD anp C— ITALIAN AND HEBREW FamtILies, By SEX 


TABLE 4 
Mean age at death of tuberculous patients in C+-CD and C— families, by race and sex 


RACE | MALES | FEMALES 


34.5 + 2.15 27.1 + 3.43 
53.2 + 3.28 43.2 + 5.08 


differences. There was a rise in the periods of adolescence and young 
adulthood among the Italian population not found among Hebrews. 
The adult peak in the curves for Hebrews occurred later in life. These 
curves include tuberculous individuals from both sputum-positive and 
sputum-negative families, but the differences in age between the two 
races were significant in C-+CD families only, as shown by table 3. 
Differences between tuberculous males and females were also significant 
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in C+CD families. The mean age of females was ten years below that of 
males, in spite of the fact that sex differences in age for all members of 
these families were insignificant. In C— families neither sex nor racial 
differences in age were significant. 

Age of the Tuberculous at Death: When we compare in table 4 the mean 
age at death of tuberculous individuals by race and sex, we find that the 
Hebrew males were older by 19 years and the Hebrew females older by 16 
years than the corresponding Italian groups. Only the former difference 
was significant, however. ; 

Age Specific Tuberculosis Morbidity Rates: We come now to a consider- 
ation of the life-table populations in which each individual was entered at 
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Fic. 5. TuBERCULOSIS MorBIDITY RATES FOR PERSONS UNDER OBSERVATION AT EACH AGE 
in C+CD ITALIAN AND HEBREW FAMILIES, BY SEX 


each year of age lived through while resident in the family under observa- 
tion. These populations according to race, sex, age, and individual and 
family diagnosis are given in appendix tables 1 to 5. Figures 5 and 6 
show the age specific morbidity rates. 

The earlier rise in the morbidity rate in C+CD Italian families is the 
conspicuous feature of figure 5. This was particularly marked in the 
smoother female curve. Differences in the morbidity rates for males and 
females were similar for each racial group. An irregular plateau-like 
curve was characteristic of the males, while that for females was definitely 
peaked. 
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The number of Italian C — families was too small for age specific rates. 
The curves for C— Hebrew families are shown in figure 6. They were 
similar in form to those for C+CD families, although the peak for females 
was less sharp and occurred at a later age. Sex differences were the same 
as those found in C+CD families. 

Duration of Observation: The morbidity rates presented were placed on 
an annual basis by taking into account the number of years each indi- 
vidual was under observation. It seemed desirable, therefore, to compare 
the mean periods of observation per person for the various groups. This 
is done in table 5. 
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Fic. 6. TUBERCULOSIS MorBipITy RATES FOR PERSONS UNDER OBSERVATION AT EACH AGE 
IN C— HEBREW By SEX 


The important differences are the shorter periods of observation for the 
tuberculous as compared with the total populations, particularly for tu- 
berculous males. These differences were especially evident in the Italian 
C+CD families. The Italian males who were suffering from tuberculosis 
had a shorter mean residence in the families than any other group. The 
reason for this was their excessive mortality, which will be discussed 
presently. 

Comparison of Expected with Observed Mortality: There were too few 
deaths in these population groups, even among the tuberculous, to fur- 
nish age specific rates for comparison with general life-table rates. This 
question was therefore approached from another point of view. 

Foudray (4) has published life-table functions for the white population 
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TABLE 5 
Years of observation per person in 373 Italian and Hebrew families, by sex and diagnosis 


YEARS OF OBSERVATION PER PERSON 
INDIVIDUAL 
FAMIL GNOS 

DIAGNOSIS 


Male Female 


C+CD Italian Total 3.29 
Tuberculous 
Hebrew Total 3.99 
Tuberculous 3.20 


Italian Total 
Tuberculous 
Hebrew Total 
Tuberculous 


Total tuberculous Italian Total 
Tuberculous 
Hebrew Total 
Tuberculous 


Italian Total 
Hebrew Total 


TABLE 6 


Expected and observed mortality rates for ages five and over in 373 Italian and Hebrew families, 
by sex and diagnosis 


EXPECTED DEATH RATE PER 1000 cman” 
DEATHS POPULATION TO EXPECT: 
DEATH RATES 


FAMILY DIAGNOSIS 
Expected Observed 
Male | Female Male | Female 


Male | Female} Male | Female 


Italian , ; 7.73 | 6.82 | 35.8 | 15.8 2.32 
Hebrew ; .13} 8.40 | 7.01 | 23.5 | 11.9 1.70 
Italian 6.69 | 5.69 | 6.08} 3.37) . 59 
Hebrew .58} 8.23 | 7.21 | 5.63) 1.57) . 22 


AJ) tuberculous Italian 7.47 28.3 | 13.3 2.02 
Hebrew ; 8.31 ; 13.8 1.66 .92 


NCPC Italian 1.14 .16 .64 
Hebrew . 2.61 .89 


All families Italian 15.85 y E 6.07 | 17.4 E 2.40 | 1.56 
Hebrew | 13.18 6.71 | 17.1 2.19 91 


of Philadelphia derived from the 1920 census returns and the births and 
deaths reported for 1919-1920. Although the deaths in these dispensary 
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families occurred in 1924-1930, we shall assume that mortality in the city 
during the period of dispensary observation had not decreased signifi- 
cantly from that indicated by the Foudray rates. 

The age and sex specific rates given in the Foudray table for Phila- 
delphia were applied to the family population given in appendix tables 1 to 
5 and in this way the number of deaths to be expected was computed on the 
basis of what had actually occurred in the city in 1919-1920. From 
these expected deaths, rates were computed for C+CD, C—, and NCPC 
families, and designated as expected rates. These were then compared 


Italiane 
Hebrews 


a 


5 
§ 
2 
a 


Expected Observed Expected 0b 


Tuberculous 


Fic. 7. EXPECTED AND OBSERVED MorTALiTy RATES OF PERSONS UNDER OBSERVATION AT 
AGES FIVE AND OVER IN TUBERCULOUS AND NON-TUBERCULOUS ITALIAN AND 
HEBREW FAMILIES, By SEX 


with rates computed from the deaths actually recorded for the various 
groups during the period of observation. 

The expected deaths and death-rates and the observed rates for the 
various population groups are given in table 6. Ratios of observed to ex- 
pected rates are also given. Figure 7 compares the death-rates for all 
tuberculous and nontuberculous families. The population used for com- 
puting these rates was that five years of age and over, for reasons that will 
be discussed presently. 

According to the expected rates from five to eight deaths per 1,000 pop- 
ulation should have occurred in each of the groups given. Female rates, 
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both expected and observed, were invariably lower than male rates. 
Differences in the mean ages of the two sexes were insignificant. The 
higher male rate was therefore probably due to the greater risk to which 
males are exposed. Hebrews had higher expected rates than Italians. 
Since the same life-table rates were used in each case, this difference must 
have been due to the older mean age of the Hebrew population. 

It was assumed that the probability of dying for persons in any specific 
age-group was the same for C+CD, C—, and NCPC populations when 
the life-table rates were applied. Actually it was not, and this is the 
important fact brought out by the ratios of observed to expected mortal- 
ity rates. Practically all the deaths occurred in C+CD families. The ob- 
served rate for Italian males was 4.6 times the expected, for Italian fe- 
males, 2.3 times. Among Hebrew males the observed rate in C+CD 
families was 2.8 times the expected, and among Hebrew females, 1.7 
times. In C— and NCPC families, on the other hand, the observed 
rates were invariably less than the expected. The diagnostic classifica- 
tion evidently allocated most of the deaths to one group, that containing 
the sputum-positive families.’ 

When the expected and observed rates for the entire dispensary pop- 
ulation were compared, actual mortality was still in excess among Italian 
males and females and Hebrew males. This was to be expected in a pop- 
ulation containing as large a proportion of tuberculous individuals as this. 

An interesting point here is that observed mortality among the Hebrew 
women was less than the expected even when the tuberculous families 
were included. Why was this? Could these women have been subject 
to a Jower mortality rate than that found for all Philadelphia women in 
1919-1920? 

Mention has been made of the serious effect upon the infant population 
of selection on the basis of residence. Table 7 compares expected with 
observed mortality in this group. There should have been some 15 
deaths in the age-groups under two years while actually none was re- 
ported. Twelve should have occurred during the first year of life. 
Since this was the year primarily affected by the selective process, it may 
have been responsible for some of the deficiency. However, a check of 
the records does not show any such number of deaths omitted. There 
must have been other reasons for this deficiency. 

Observed deaths at ages 2-4 were equal to the expected deaths. Evi- 

? This group contained a few families in which a patient with manifest tuberculosis died 


without having had a positive sputum examination. One Hebrew and two Italian deaths 
were added by these families, but they were not enough to increase the rate materially. 
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TABLE 7 


Expected and observed mortality rates for ages under five in 373 Italian and Hebrew families 
by age and sex 


EXPECTED DEATHS OBSERVED DEATHS 


Male Female Male Female 


5.14 4.11 
1.32 
2.07 2.05 4 _ 


Italian 


8.53 7.10 4 


1.24 
43 
.93 .50 


Hebrew 


2.60 


TABLE 8 


Comparison by sex and race of expected with observed mortality rates for ages five and over in 
tuberculous families 


FAMILY DIAGNOSIS 


EXPECTED DEATH 
RATE PER 1000 
POPULATION 


OBSERVED DEATH 
RATE PER 1000 
POPULATION 


RATIO MALE TO 
FEMALE DEATHS 


Expected | Observed 


Female Rate Rate 


Male Female Male 


2.27 
1.80 


7.73 . .13 
6.69 .18 


Italian 
Italian 


C+CD 
Cu 


Total tuberculous Italian 7.47 .13 


8.40 .20 
8.23 21 14 


Hebrew 
Hebrew 


C+CD 


Total tuberculous Hebrew.......| 8.31 17 


RATIO 1/H 


Italians | Hebrews | Italians | Hebrews 


Observed 
Rate 


Expected 
Rate 


1.42 
1.29 


25.1 : .94 
4.79 .80 


7.24 7.71 
6.21 7.75 


C+CD 


Total tuberculous 7.01 7.73 20.4 : 91 1.98 


dently the factors influencing the mortality record at the earlier ages 
were not operating so effectively here. 

Table 8 compares by sex and race the ratios of expected and observed 
mortality rates for the population five years of age and over in tubercu- 
lous families. 
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The excessive male mortality in both Italian and Hebrew families is an 
important feature here. The normal ratio of male to female deaths was 
about 1.2, the actual ratio was more than 2. According to the expected 
rates Hebrew mortality should have been higher than Italian. Actually 
the Italian mortality was twice as high as the Hebrew. 

Table 9 compares by sex and race the tuberculosis morbidity and fatal- 
ity rates for the same population. Both morbidity and fatality rates 
for males were invariably higher than those for females. The case-rate 
was higher for Hebrews than for Italians in C-+-CD families, but the fatal- 


TABLE 9 


Comparison by sex and race of tuberculosis morbidity and case fatality rates for ages five and over 
in tuberculous families 


TUBERCULOSIS MOR- 
BIDITY RATE PER 100 
POPULATION 


DEATHS PER 100 RATIO MALE TO 
CASES FEMALE RATES 
FAMILY DIAGNOSIS 


Fatality 


Female Female | Case Rate Rate 


C+CD Italian 10.3 41 1.65 


Total tuberculosis Italian........ 


C+CD Hebrew 
Hebrew 


Total tuberculosis Hebrew . 1.12 


RATIO 1/H 


Hebrews | Italians | Hebrews 
Fatality 


Case Rate Rate 


C+CD , 18.3 15.1 8.29 .67 1.82 
19.2 .86 .96 


Total tuberculous : 18.8 10.7 ; .73 2.42 


ity rate was higher among the Italians. In C— families racial differ- 
ences were insignificant. 


DISCUSSION 


The racial difference in the tuberculosis picture presented by these 
families is the outstanding feature of this analysis. It should be empha- 
sized that the initial classification into sputum-positive and negative fami- 
lies was made without any reference to the racial significance of this 
grouping. ‘The analyis has shown that tuberculosis in Italian families oc- 


| 

En; 16.7 11.0 12.4 8.28 1.52 1.50 

19.2 | 17.5 | 10.5 5.83 | 1.10 | 1.80 : 

20.3 18.0 1.39 .88 1.13 1.58 ; 

1.68 fi 
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curred at an earlier age and ran a more rapid, severe, and fatal course than 
among Hebrews. The disease was milder among the latter, more pro- 
longed, and did not lead so frequently to breakdown and death. 

When this difference was discovered, it was thought that the Hebrews 
might have come to the dispensary at an earlier stage of the disease, and 
as a result of better care have failed to reach the more serious stages found 
in the Italian population. The only way in which this question could be 
investigated was by referring to the analysis.oi the date of first dispensary 
visit (2). This analysis was not specific for race and shows only that the 
mean date of first dispensary visit among the tuberculous in C— families 
was two years earlier than that for C+CD families. This, however, 
would not account for the difference in the mean age of the tuberculous 
patients in the two racial groups. Assuming that Hebrews did come for 
treatment at an earlier stage of the disease, they must still have been 
older on the average when they came than the Italians were. 

The longer interval between first and last dispensary visits for C— 
patients, found in the previous study (2), and the longer duration of dis- 
pensary observations found here for Hebrews may have been the result 
of the prolonged character of the disease rather than the cause of it. The 
excessive mortality among Italians would tend to reduce both indices in 
C+CD families. 

No definite evidence brought out by these studies would indicate that 
j Hebrews received more prompt attention and consequently were less 
severely affected. 

The question now arises: Was there anything in the environment that 
could have contributed to these racial differences? To answer this some 
of the results of the earlier study of the families (1) will be reviewed. 
Italian families were larger as shown by the following table: 


Percentage of families 


; Family with six persons and Persons per family 
diagnosis Race less at first census at first census 

73 5.49 + .155 

ns 37 7.03 + .176 


5.83 + .188 


Along with the larger family the Italians also had a heavier housing 
density. Both factors might be considered favorable to the spread of 
tuberculosis in the family. 


j 
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About half the householders in each racial group owned their homes, and 
it was found that housing density, sanitation, and cleanliness were better 
in these households. The housing status of both owners and renters in a 
group of 366 families improved in the period between surveys, that of 
renters significantly so. The factors showing improvement appeared to 
have had no association with diagnosis with the exception of the decrease 
in size of family and housing density in C+CD families caused by the re- 
moval of tuberculous patients. 

An attempt was made to analyze the relationship between size of family 
and tuberculous infection. Tuberculous families were subdivided into 


TABLE 10 
Significant differences in mean age with size of family held constant, all ages 


SIZE OF 
FAMILY 


FAMILY 
DIAGNOSIS 


SEX 


RACE 


INDIVIDUAL 
DIAGNOSIS 


MEAN AGE 


DIFFERENCE 


6— 


C+CD 


Female 


Female 


Italian 
Hebrew 


Italian 
Hebrew 


Italian 
Hebrew 


Italian 


Total 


Tuberculous 


Tuberculous 


Total 


23.7 + .93 
29.3 + 1.21 


34.3 + 2.04 
46.0 + 2.32 


23.1 + 2.76 
35.3 + 2.68 


18.5 + 1.68 


5.6 + 1.53 


11.7 + 3.09 


12.2 + 3.85 


6.8 + 2.00 


Hebrew 25.3 + 1.08 


those having six persons or less at the first census and those having seven 


ormore. ‘The results were as follows: 

1: Age: The mean age of the smaller families was higher and that of 
the larger families lower than the general averages already discussed. 
This was to be expected because there were more children in the larger 
families. Racial differences were still evident, however, as shown in 
table 10. In C+CD families of six and less, the mean age for Hebrew 
males was significantly higher than that for Italian males, and the same 
was true for tuberculous males and females. The essential character of the 
difference is shown in figure 8 giving the age distribution of males in 
C+CD families of six and less. The Italian parent peak came nearly 
ten years earlier than the Hebrew. 

In the larger families differences in age were present but insignificant. 
Among C— families the only significant difference found was that be- 
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tween Italian and Hebrew females in the total population of families of six 
and less. The effect of holding constant the size of family, therefore, was 
to increase age differences between the races in the smaller families and to 
reduce them in the larger ones. 

2: Tuberculosis Morbidity: The larger families had lower tuberculosis 
morbidity rates. The larger proportion of children in pretuberculous 


20 


--— Italians 
Hebrews 


~ 


Per Cent Population in Each Age Group 
5 


Fic. 8. AGE DISTRIBUTION AT THE BEGINNING OF OBSERVATION OF ALL Persons In C+CD 
ITALIAN AND HEBREW FAMILIES OF SIx AND UNDER AT First CENSUS, 
MALEs ONLY 


ages was probably the reason for this. Figure 9 shows the morbidity 
rates by race, sex, and size of family. 

The subdivision of the families according to size did not change the 
picture. Morbidity was still higher among Hebrews in C+CD families. 
The racial differences were significant for both sexes in families of six and 
less, and for females in families of seven and over. Italian and Hebrew 
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rates in C— families differed significantly only for females in families 
Table 11 summarizes these results. 


of six and less. 


Tuderculosis Cases per 1000 Population under Observation 


° 
Size of 
Family 


Family 
Diagnosis 


MALES 


ave Italians 
Hebrews 


MOO 


c+cD 


Ce 


Fic. 9. TUBERCULOSIS MorBIpDITY RATES OF PERSONS UNDER OBSERVATION AT ALL AGES 
IN ITALIAN AND HEBREW FAMILIES, ACCORDING TO Famity S1zE, DIAGNOsIS 


AND SEX 


TABLE 11 


Significant differences in tuberculosis morbidity rates with size of family held constant, all ages 


SIZE OF FAMILY 


DIAGNOSIS 


RACE 


PER CENT 
TUBERCULOUS 


DIFFERENCE 


6— 


C+CD 


Italian 
Hebrew 


Italian 
Hebrew 


Italian 
Hebrew 
Italian 
Hebrew 


19.6 + 1.07 
25.0 + 1.31 


8.854 .99 
17.1 +1.19 


14.1 +1.72 
23.2 +1.19 


10.2 + .86 
17.3 + 1.53 


5.4 + 1.69 


8.2 + 1.55 


9.1 + 2.09 


7.14 1.76 


3: Tuberculosis Mortality: The number of deaths upon which the mor- 
tality rates were based was too small for further subdivision. 
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Since there was a larger proportion of families of seven and more among 
the Italians, their mean ages and morbidity rates were doubtless some- 
what lower due to this fact. The subdivision according to family size to a 
large extent eliminated the racial differences in the larger families, but in 
families of six and less the divergence in age and morbidity was greater. 

One final bit of analysis of the relation between the tuberculosis rate 
and size of family should be reported. We have attributed the decrease 
in family size between the first and second census to the removal of 
tuberculous individuals from the families. What about births into 
these families? 

To investigate this question rates were computed from the life-table 
populations in appendix tables 1 to 5, based on the children under one 


TABLE 12 


Annual fertility rates among women under observation at ages 15-44, according to race and 
family diagnosis 


WOMEN UNDER 
FAMILY DIAGNOSIS RACE cumsean 6-43 OBSERVATION AT FERTILITY RATE, 
MONTHS pomp PER CENT 


C+CD Italian 498 6.224 .73 
Hebrew 314 2.234 .49 


Italian 150 10.0 + 1.65 
Hebrew 336 3.874 .71 


Italian 397 15.9 +1.24 
Hebrew 196 4.08+ .95 


year of age at the beginning of observation and all women passing through 
the ages of 15-44 during the period. Since the infant population included 
only those resident for six months, and omitted all those who were born 
and died between the first and second censuses, these rates merely approx- 
imate the birth-rates, and might more properly be called composite birth 
and infant survival rates. As a measure of natural increase, however, 
they will serve. They are given in table 12. 

The results are highly illuminating. Rates for both Italians and He- 
brews were lower in C+CD families than in either of the other diagnostic 
groups. The differences between the three diagnostic groups were not 
significant for Hebrews but were for Italians. The Hebrew rate was 
significantly lower than the Italian throughout. 

We found that NCPC families were larger than the tuberculous families 
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at each census and that they increased in size within the interval while the 
tuberculous families decreased. The lower population turnover in 
nontuberculous families together with the higher fertility rate would ex- 
plain this fact. The comparison cannot be carried too far, since it is 
possible that the size of the nontuberculous families and their increase 
may have been a factor in maintaining their connection with the dis- 
pensary. 

However this may be, the composite birth- and survival-rate for 
C+CD Italian families was considerably lower than that in NCPC 
families, and it is believed that this was due partly to the presence of 
sputum-positive cases in this group. Whether or not the size of the fam- 
ily affected the type of tuberculous infection, the advent of the disease 
had an unfavorable influence upon its normal biological growth. 

A further analysis of housing density in terms of family size and race 
has not been made. This subject should be investigated further. 

Sex differences were second in importance to racial. Tuberculous males 
were older than females. They were more numerous and their mortality 
was greater. No attempt has been made to compare these findings with 
similar data from a general population, but the impression is strong that 
dispensary selection was a factor here. It seems probable that the fami- 
lies applying for treatment were more frequently those in which the head 
of the household was disabled. 

The analysis of dependency in these families supports this theory (1). 
In a group of 366 families about 16 per cent in each diagnostic group were 
found to be receiving outside financial aid at the time of the first housing 
survey. At the second survey the rate in C+-CD families had increased 
to 27 per cent, while in the other groups it had decreased to 11 per cent. 
Mortality among males was heaviest in C+CD families. It is reason- 
able to suppose that the removal of the bread-winners placed C+-CD 
families in the financially dependent group and that the death of the 
patient kept them there. In C— families, on the other hand, the disease 
was less frequently fatal and economic recovery was more often possible. 

The lower birth-rate in C++CD families was also probably due to some 
extent to the high death-rate among the fathers of the families. 

The unexpectedly low mortality in the infant population needs further 
study. Selection on a residence basis was partly responsible. What 
other factors were involved is not clear. The families selected were well 
established when dispensary observation began, and there were compar- 
atively few young married couples with first-born children in the group. 
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Deaths in a population of third and fourth children may be relatively 
fewer than those in a general infant population. 

A final point of inquiry is the low mortality among Hebrew women. 
This was not due to the selection factor, and its causes would furnish an 
interesting field for further study. 


SUMMARY 


This completes the study of the 505 white families registered for in- 
tensive study at the Henry Phipps Institute during the years 1924-1929. 
The present analysis was confined to 373 Italian and Hebrew families 
and included only persons who had been in residence for a period of at 
least six months in a given year while the family was under observation. 
The object of this analysis was to study tuberculosis morbidity and mor- 
tality with respect to family diagnosis, race, sex, and age. The results 
may be summarized as follows: 

1. Italians constituted the greater proportion of the sputum-positive 
(C+CD) families while sputum-negative (C—) families were largely 
Hebrew. 

2. While the mean age of Hebrews at the beginning of observation was 
four years above that of Italians, the mean age of tuberculous Hebrews 
was ten years above, and their mean age at death twenty years above. 

3. Analysis of age specific tuberculosis morbidity showed a greater 
amount of adolescent and young adult tuberculosis among the Italians in 
C+CD families. 

4, The expected deaths in a normal population of this size were com- 
puted by applying life-table rates specific for age and sex for the white 
population of Philadelphia to the dispensary group. Expected and ob- 
served death-rates were computed and compared. In C+CD families of 
both races observed rates were in excess of the expected, but in C— and 
NCPC families observed rates were below the expected. In the entire 
dispensary population the observed rates were still in excess except for 
Hebrew women. 

5. There were no deaths observed among infants under two years of 
age. This was partly due to the selective process, but there must have 
been other factors involved. 

6. Hebrew tuberculosis morbidity rates were higher than Italian but 
their death-rates were lower. 

7. The environmental factors with which these racial differences might 
have been associated were size of family and housing density. Subdi- 
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vision of the families into those of six persons or less and seven or more 
showed that racial differences in the larger families were for the most part 
insignificant, but in the smaller families they were still apparent and 
still significant. 

8. The advent of the disease interfered with biological increase in size 
of the family as shown by the lower birth and survival rates in C+CD 
families. 

9. Housing density was not investigated further. 

10. Both case- and death-rates were higher among males. It is be- 
lieved that this was partly due to dispensary selection since a family in 
which the father was disabled would be more likely to appeal to the dis- 
pensary for aid. The higher dependency rate in C+CD families sup- 
ports this contention. 

11. One cannot escape the conviction that the type of tuberculous 
infection differed for the two races. Among Italians the disease attacked 
a younger group and pursued a more severe, rapid, and fatal course than 
it did in Hebrew families. ‘The environmental factors considered in this 
analysis to which these differences could be attributed were the larger 
size of the Italian families and their greater housing density. The analy- 
sis on the basis of family size did not indicate that these were determin- 
ing factors. 
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APPENDIX TABLE 1 
Tuberculosis morbidity and mortality among Italians in C+-CD families by age and sex 


person, 

years of 

observa- 
tion 


Tubercu- 
lous 
patients 


85 
170 


i) 


1,237 


APPENDIX TABLE 2 
Tuberculosis morbidity and mortality among Hebrews in C+CD families by age and sex 


MALES 


FEMALES 


Aggregate 
tubercu- 


Deaths among 


lous 


person, | Tubercu- 


years of 
observa- 
tion 


lous 


patients 


Non- 
tubercu- 
lous 
persons 


Aggregate 
person, 
years of 
observa- 

tion 


Aggregate 
tubercu- 
lous 
person, 
years of 
observa- 
tion 


Deaths among 


Tubercu- 
lous 
patients 


Non- 
tubercu- 
lous 
persons 


10 
85 
105 
90 
57 
18 
21 
59 
69 
39 
18 
7 
15 


| 


— 


ORAR ROR 


an 


| 
MALES FEMALES 
AGE Aggregate Deaths emeng tubercu- Deaths emeng 
Non- f Non- 
| 
| 0-4 | 2 1 101 2 — — 
5-9 — 234 5 
10-14 192 4 1 245 15 — 
15-19 187 29 ii 182 20 1 1 
20-24 81 14 _ 84 19 3 1 
25-29 61 8 — 54 21 5 — 
j 30-34 54 14 — 61 17 4 — 
: 35-39 32 14 1 55 7 — — 
40-44 40 18 1 62 9 
45-49 56 14 1 56 4 
50-54 44 7 1 44 _ — 1? 
55-59 25 11 _ 23 _ _ ~ 
60-64 19 1 16 — 1 
: 65-69 7 4 1 11 _ — — 
70-74 8 1 3 — 
75+ 1 1 6 — 1 
Total.....| 1,062 144 119 13 5 
iZ years of 
i 5-9 64 — — 
20-24 52 5 1 1 
25-29 20 3 1 
35-39 30 14 1 
40-44 38 16 1 
45-49 44 22 — 
Fi 50-54 44 26 — 1 _ 
55-59 12 7 — 
is 60-64 9 7 1 1 _ 
65-69 7 4 1 4 
i 75+ 2 — 2 
Total.......| 635 114 | 2 599 = | | 1 
614 


APPENDIX TABLE 3 
Tuberculosis morbidity and mortality among Italians in C— families by age and sex 


AGE 


MALES 


FEMALES 


Aggregate 


observa- 
tion 


te 


rcu- 


lous 
person, 
years of 
observa- 

tion 


Deaths among 


Non- 
tubercu- 
patients lous 


persons 


Ageregate 
tubercu- 
lous 
person, 
years of 
observa- 
tion 


Deaths among 
Non- 
tubercu- 
patients lous 


persons 


31 
61 
85 
56 
30 
1 
5 
30 
27 
10 
6 
11 
3 
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APPENDIX TABLE 4 
Tuberculosis morbidity and mortality among Hebrews in C— families by age and sex 


MALES 


FEMALES 


AGE 


Aggregate 
person, 
years of 
observa- 

tion 


Aggregate 


tubercu- 


lous 


person, 

years of 

observa- 
tion 


Deaths among 


Tubercu- 
lous 
patients 


Non- 
tubercu- 
lous 
persons 


person, 

years of 

observa- 
tion 


Aggregate 
tubercu- 
lous 
person, 
years of 
observa- 
tion 


Deaths among 


Tubercu- 
lous 
patients 


Noen- 
tubercu- 
lous 
persons 


38 
81 
158 
137 
71 
30 
20 
21 
48 
62 
34 
20 
16 
11 


ii 
person, 
years of years of ane 
tion 
5-9 4 
10-14 1 65 1 1 
30-34 5 32 12 
50-54 5 — 11 3 
55-59 5 -- 7 3 
se 
Total.......| 360 1 2 341 40 0 1 
25-29 4 1 46 12 
35-39 13 52 15 — 
40-44 19 — 52 14 
45-49 40 1 51 23 -- 
55-59 s — 4 1 
65-69 5 7 3 — 
75+ 2 2 1 1 
Total.......| 749 144 2 3 679 114 1 
615 
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APPENDIX TABLE 5 
Mortality among Italians and Hebrews in NCPC families by age and sex 


ITALIANS 


HEBREWS 


Males 


Females 


Males 


Females 


Aggregate 
person, 
years of 
observa- 
tion 


Aggregate 
person, 
years of 
observa- 


tion 


Aggregate 
person, 
years of 
observa- 


tion 


Aggregate 
person, 

years of Deaths 

observa- 
tion 


189 
224 
204 
136 
53 
15 
26 
58 
50 
50 
20 
20 
12 


181 
200 
242 


40 
94 
73 
71 
18 
7 
15 
28 
27 
- 30 
12 


28 


616 
Deaths Deaths Deaths 

|| |_| 
5-9 — — 63 — 
10-14 — — 115 — 
15-19 1 118 — — 51 — 
if 25-29 30 11 — 
30-34 70 1 29 
35-39 87 1 31 1 
40-44 55 1 47 1 
45-49 40 1 21 
50-54 — 6 — _ 6 — 
55-59 — — 8 — 4 — 
65-69 — 1 3 — 
70-74 3 8 — — 
if Total.......] 1,065 | 2 | 1,075 | 3 423 1 437 2 
i; 


FURTHER STUDIES ON THE INCIDENCE OF TUBER- 
CULOUS INFECTION IN SOME RURAL COMMU- 
NITIES OF THE SOUTH! 


JOSEPH D. ARONSON 


In a previous paper (1) the incidence of tuberculous infection in certain 
rural communities of the South was reported. It was found that, among 
white school-children in the South, the incidence of this infection, as 
shown by the intracutaneous tuberculin test, although increasing with 
age, was nevertheless about 20 per cent less than among white school- 
children of the same age-groups in Philadelphia, Pennsylvania, as ob- 
served by Hetherington, McPhedran, Landis and Opie (2). The inci- 
dence among colored children in the South was about 10 per cent greater 
than among the white children in the same localities, and 13 per cent less 
than among the colored children studied in Philadelphia. 
In a recent study Korns (3) observed that 10.2 per cent of 1,103 white 
school children from 5 to 19 years of age, living in Cattaraugus County, 
New York, reacted to the intracutaneous injection of 0.01, 0.1 and 1.0 
mgm. of tuberculin. Of these children only 7.6 per cent of those whose 
entire lifetime had been spent in this county reacted, whereas 21.1 per 
cent of those who had spent part of their lives outside the county reacted 
to tuberculin. Slater and Jordan (4) carried out a comparative study 
of the Pirquet and the intracutaneous tuberculin tests in a rural com- 
munity where the death-rate from tuberculosis had been less than 25 per 
100,000 during the previous five years. Injecting 0.1 mgm. of tuber- 
culin intracutaneously they found that, in the age-group 6 to 9 years, 
5.8 per cent reacted; in the age-group 10 to 14 years, 6.9 per cent reacted; ‘ 
and in the age-group 15 to 19 years, 21.7 per cent reacted. Barnard, 
Amberson and Loew (5), in a study of 1,000 white children between 
the ages of 12 and 15 years, living in New York City, found that a total 
of 67.3 per cent reacted to the intracutaneous injection of 0.1 and 1.0 
mgm. of tuberculin. 


1 The studies on which this paper is based were conducted under the auspices and with the 
support of the International Health Division of the Rockefeller Foundation and with the 
codperation of the Henry Phipps Institute of the University of Pennsylvania. 
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It was thought desirable to ascertain whether the high incidence of 
tuberculous infection found by the writer in rural districts of the South 
(1), especially among the colored population, was peculiar to the com- 
munities studied. The present survey was therefore undertaken to con- 
firm and extend the earlier observations. The incidence of tuberculous 
infection, as determined by the intracutaneous tuberculin test, was in- 
vestigated in Lowndes, Bullock, Sumter and Choctaw Counties of Ala- 
bama, in Taylor and Leon Counties of Florida, and in certain rural dis- 
tricts of Charleston County, South Carolina, namely, McClellanville, 
Mt. Pleasant, Edisto Island, Adams Run, Johns Island, James Island 
and Wadmalaw Island. An attempt was made to examine widely 
scattered areas, as far as possible removed from the main lines of traffic. 

Through the codperation of the various county health officers, much 
interest was aroused in the tuberculin test, especially as applied to every 
member of the household, with the result that over 12,000 colored per- 
sons and 600 white persons were tested in the course of three months. 


METHOD 


The tuberculin used was of the same lot as had been used in the pre- 
vious study. It was found to be as potent as a sample of the Frankfort 
Standard Tuberculin (6), and of the same potency as a sample of the 
International Standard Tuberculin which had been obtained from the 
Serum Institute, Copenhagen, and which had been prepared under the 
auspices of the Health Organization of the League of Nations (7). The 
amount injected, the route of injection, and the readings were exactly as 
described in the report of the preceding investigation. 


TUBERCULOUS INFECTION IN LOWNDES COUNTY, ALABAMA 


Lowndes County, in the south-central part of Alabama, is essentially 
an agricultural community traversed by a number of well-travelled 
automobile roads. The county contains a large number of plantations 
tenanted by colored families, who live in more or less widely separated 
shacks. It has an area of 739 square miles and a population, according 
to the 1930 census, of 22,878 persons, or 31 to the square mile. Eighty- 
five per cent of the population is colored. The colored population has 
decreased 10.9 per cent since 1920; the white population has remained 
the same. The mortality from all forms of tuberculosis in 1930 was 30.8 
per 100,000 for the white and 152.8 per 100,000 for the colored popula- 
tion. Through the efforts of Dr. E. F. Leatherwood, County Health 
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Officer, the tenants from a number of more or less isolated plantations in 
various sections of the county, representing 12.8 per cent of the colored 
population, and in addition a small group of white persons, representing 
6.0 per cent of the white population, were tested, with the results shown 
in table 1. 

The number of white persons tested was too small to permit of com- 
parison of the two races. It will be noted from table 1 that the incidence 
of tuberculous infection in the colored group increases by about 20 per 
cent in every 5-year age-period up to 25 years, and from then on rises 
more slowly. 


TUBERCULOUS INFECTION IN BULLOCK COUNTY, ALABAMA 


Bullock county, situated in the southeastern part of Alabama, meas- 
ures 610 square miles and has a population, according to the 1930 census, 
of 20,016 persons, or 32.8 to the square mile; 78.7 per cent of these per- 
sons are colored. The colored population has decreased 23.7 per cent 
since the preceding census; the white population has shown a slight in- 
crease. Farming and lumbering constitute the main industries. A num- 
ber of main automobile roads and railroads cross the county. The mor- 
tality from all forms of tuberculosis for 1930 was 46.9 per 100,000 for the 
white race and 114.3 for the colored race. Through the kind assistance 
of Dr. A. M. Shelamer, County Health Officer, 10.7 per cent of the colored 
population of the county were given the tuberculin test, with the results 
shown in table 1. 

It will be seen that here, as in Lowndes County, the positive tuberculin 
reactions increase by approximately 20 per cent in each succeeding age- 
group up to 19 years; the increase thereafter is more gradual. 


TUBERCULOUS INFECTION IN SUMTER COUNTY, ALABAMA 


Sumter County, in the southwestern part of Alabama, has an area of 
908 square miles, and a population, according to the 1930 census, of 
26,929 persons, or 29.7 per square mile. The colored population, con- 
stituting 78.9 per cent of the entire population, has increased by 7.1 per 
cent since 1920; the white population has remained the same. The mor- 
tality from all forms of tuberculosis for 1930 was 35.1, and 103.4 per 
100,000 for the white and colored races respectively. Thanks to the 
codperation of Dr. J. S. Hough, County Health Officer, 6.9 per cent of 
the colored population were given the tuberculin test, with the results 
shown in table 1. The table shows a high percentage of infection in the 
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age-group from birth to 4 years and an increase in incidence by about 
20 per cent in the 10- to 14- and 15- to 19-year groups, as compared with 
the preceding five-year periods. The increase of tuberculous infection 
in those over 20 years of age is less conspicuous. 


TUBERCULOUS INFECTION IN CHOCTAW COUNTY, ALABAMA 


Choctaw County, situated in the southwestern part of Alabama, is 
more isolated than the other communities investigated. Its chief in- 
dustries are farming and lumbering. It has no main highways and but 
few railroad facilities. The county has an area of 932 square miles and 
a population, according to the 1930 census, of 20,513, of whom 54.7 per 
cent are colored. The density of population to the square mile is 22. 
There has been a slight increase since 1920 in both the white and colored 
populations. The mortality per 100,000 from all forms of tuberculosis 
for 1930 was 21.6 and 115.6 for the white and colored races respectively. 
The active codperation of Dr. W. G. Carnathan, County Health Officer, 
made it possible to complete the tuberculin test on 18.6 per cent of the 
colored people of the county. 

In table 1 it is seen that each five-year group from birth to 20 years 
of age shows an increase of approximately 15 per cent over the preceding 
age-period in the number of positive tuberculin reactions observed. The 
10- to 14-year group shows an increment of 23 per cent. Between the 
15- to 19-year group and the next succeeding age-period the increase 
drops to 10 per cent, and after the age of 25 years it is less conspicuous. 


TUBERCULOUS INFECTION IN CHARLESTON COUNTY, SOUTH CAROLINA 


Charleston County, situated in the southeastern part of South Caro- 
lina, covers an area of 923 squares miles and has a population recorded as 
101,050 in the 1930 census. The rural section of the county, in which 
the survey was made, has a population of 38,785, the colored race num- 
bering 26,750, or 68.9 per cent of the whole. The death-rate from all ‘ 
forms of tuberculosis for the rural section of Charleston County for 1930 
was 16.6 and 82.2 per 100,000 for the white and colored races, respec- 
tively. 

Tuberculin tests were made in Edisto Island, Adams Run, Johns Is- 
land, James Island, and Wadmalaw Island. These are situated at some 
distance south of Charleston and are separated from the mainland by 
the Ashley River and other waterways. ‘They are approached by bridges, 
some of which charge toll. Tests were also made in the northern part 
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of the county in McClellanville and Mt. Pleasant, which are about as 
far from the city as the islands and in communication with Charleston 
only by way of a toll-bridge across the Cooper River. These communi- 
ties are all essentially agricultural in character; their distance from main 
highways, and the expense of using the toll-bridges, make them peculiarly 
isolated. The tuberculin test was completed on 2,265 persons, constitut- 
ing 8.4 per cent of the colored population of the rural section of the county. 
Thanks are due to Mrs. Ashley Halsey, Secretary of the Charleston 
County Tuberculosis Association, for her assistance during the course 
of the investigation. The number of adults tested was considerably 
smaller than in the other counties. It will be noted from table 1 that, 
in each five-year period from 5 to 20 years, there is approximately a 20 
per cent increment of positive tuberculin reactors. 


TUBERCULOUS INFECTION IN LEON COUNTY, FLORIDA 


Leon County, in the northern part of Florida, covers an area of 715 
square miles and, according to the 1930 census, has a population of 23,476, 
a density of 32.8 persons to the square mile. The colored inhabitants, 
comprising 58.7 of the total population, have shown an increase of 1.3 
per cent since the 1920 census; the white population has increased 67.1 
per cent. The mortality from all forms of tuberculosis was 20.6 and 
50.8 per 100,000 for the white and colored races, respectively. Thanks 
to the codperation of Dr. L. J. Graves, County Health Officer, 952 Ne- 
groes, the majority of school age, and constituting 6.9 per cent of the 
colored population of the county, were tested with tuberculin. 

It will be noted from table 1 that in the age-groups 10 to 14 years and 
15 to 19 years the percentage of positive tuberculin reactions exceeds 
by approximately 25 per cent that of the preceding age-groups. 


TUBERCULOUS INFECTION IN TAYLOR COUNTY, FLORIDA 


Taylor County, located in the north-central part of Florida, has an 
area of 1,045 square miles, with a population of 13,136, according to 
the 1930 census, and a density of 12.6 persons to the square mile. The 
colored inhabitants constitute 38 per cent of the population, having in- 
creased by about 1 per cent since 1920; the white population has in- 
creased 23 per cent in the same period. The death-rate from al] forms 
of tuberculosis for 1930 was 24.5 per 100,000 for the white race and 80 
for the colored race. In this county the distribution of the population 
differs from that in the other counties studied; many of the persons 
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tested live in lumber-mill villages and in turpentine camps, a number of 
which are located in the pine woods. Housing conditions, from a curs- 
ory examination, appeared to be good in the lumber-mill villages but 
poor in the turpentine camps. With the assistance of Dr. W. H. Y. 
Smith, County Health Officer, and with the codperation of the officials 
of the mills and camps, 8.3 per cent of the colored population and 5 per 
cent of the white population of the county were tested. (See table 1.) 

Because of the small number of white persons tested at certain ages 
the relative incidence of tuberculous infection in the two races in this 
county is not comparable. However, it will be noted that in the age- 


TABLE 2 
Tuberculin reaction in white and colored persons, in Foley, Taylor County, Florida 


COLORED 

< o 

< Zz Z Z Z Z Aa Z Z 
0-4 | 13 0 2 |15.4; 2 | 15.4) 39 1 ao 2 
5-9 | 36 1 2.7; 5 |13.9] 6 | 16.6) 38 8 | 21.0 
10-14) 23 2 8.7| 4 |17.4| 6 | 26.1] 32 7 | 21.9) 9 | 28.1} 16 | 50.0 
15-19) 11 2 (18.2) 4 |36.3) 6 | 54.5] 37 13 | 35.1) 18 | 48.6) 31 | 83.7 
20-24| 16 7 (43.7) 2 |12.5| 9 | 56.2) 67 40 | 59.7) 18 | 26.8) 58 | 86.5 
25-29) 15 5 |33.3) 8 |53.3] 13 | 86.6) 53 37 | 69.8} 10 | 18.8) 47 | 88.6 
30-34; 11 5 (45.41 3 |27.3} 8 | 72.7| 46 
35-39} 19 7 |36.8) 6 |31.6) 13 | 68.4) 20 12 | 60.0; 5 | 25.0) 17 | 85.0 
40-44 6 3 {50.0} 2 |33.3} 5 | 83.3] 22 16 | 72.7) 4 | 18.2| 20 | 90.0 
45-49} 6 4 |66.6, 2 |33.3} 6 {100.0} 15 10 | 66.6} 3 | 20.0) 13 | 86.6 
50-54; 0 0 0 0 5 5 |100.0} 5 |100.0 
55+ 5 4 (80.0) 1 |20.0} 5 |100.0) 7 5 | 71.4; 2 | 28.6} 7 |100.0 


groups from birth to 4 years, 5 to 9 years, and 10 to 14 years, a greater 
percentage of the colored children than of the white children reacted to 
0.01 mgm. of tuberculin, and that the incidence of tuberculous infection 
is, except in the youngest group, much higher among the colored than 
among the whites. These results are in conformity with the results 
obtained in the previous study (1) in other rural communities of the 
South. 

A better comparison can be made from the results of a survey in Foley, 
Taylor County, Florida, a large lumber-mill village where the housing 
arrangements are apparently the same for the two races. (See table 2.) 
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In all the age-groups in which the number of colored and white persons 
tested was approximately the same a higher incidence of infection was 
found among the colored. Persons of this race also showed a greater 
sensitivity to tuberculin, that is, a larger proportion of those reacting 
were sensitive to the smaller dose, 0.01 mgm. 


FIGURE! 
TUBERCULIN REACTIONS 
AMONG RURAL COLORED POPULATIONS IN THE SOUTH 


PER CENT 


COUNTY 


LOWNDES ALA 
BULLOCK, ALA 
SUMTER, ALA. 
CHOCTAW, ALA 
TAYLOR, FLA. 
LEON FLA. 
GHARLESTON, SC. 


4 44 
AGE IN 5S-YEAR PERIODS 


COMPARISON OF TUBERCULOUS INFECTION IN THE VARIOUS COUNTIES 


The counties included in this investigation differ in geographical loca- 
tion, concentration of population, proportion of white and colored popu- 
lations, accessibility to main highways and railroads, economic condi- 
tions, type of industry, and mortality from tuberculosis. Despite these 
variable conditions the graph presented in figure 1 shows that the inci- 
dence of tuberculous infection in all of the counties has a uniform trend, 
with sharp rises between the ages of 5 to 19 years and more gradual in- 
creases thereafter. 

When the percentages expressing the lowest incidence of tuberculous 
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infection in each age-group in the several counties are compared in table 
1, it is found that Choctaw County, Alabama, the most isolated region 
studied, has the lowest incidence in all the age-groups that are statistic- 
ally comparable except three, and that even in these the percentages for 
this county are close to the lowest found (the 10- to 14-, 35- to 39-, and 
45- to 49-year periods). On the other hand in Taylor County, Florida, 
the incidence is consistently high at all ages, especially in adult life. A 
possible explanation is that the majority of the inhabitants tested in this 
county live in community groups, in villages and in camps, where there 
is more intimate contact between individuals than exists in agricultural 
communities. 


INCIDENCE OF TUBERCULIN REACTION AND SENSITIVITY TO TUBERCULIN 
AT VARIOUS AGES 


Tables 3 and 4 present the numbers and percentages of positive reac- 
tions in all the counties studied, grouped according to the age and race 
of the reactors and the dosage of tuberculin. The number of colored 
persons included is sufficiently large to make the data comparable at 
each year of age (table 3). The number of white persons at certain ages 
is, however, so small as to have little significance, and therefore the data 
for these persons, and for the colored persons as well, are presented in 
table 4 on the basis of five-year groups. 

It will be noted from table 3 that colored children under the age of one 
year failed to react to tuberculin. The incidence of positive tuberculin 
reactions among colored populations increased gradually year by year, 
reaching a maximum of 92.8 per cent at the age of 47, and thereafter 
tended to decrease, with a conspicuous decrease in the age-group of 
seventy years and over. 

The sensitivity to tuberculin of the colored persons tested at various 
ages, that is, the relative incidence of reactions to the smaller and to the 
larger quantities of tuberculin injected, is shown in table 3 and presented 
graphically in figure 2. 

It will be noted that the curve depicting the total number of reactions 
rises rapidly from birth to 26 years and that thereafter the rise is more 
gradual and irregular. This irregularity is due in certain instances to 
the small number of persons tested. Up to the age of 19 years a greater 
percentage of the colored persons tested reacted to 1.0 mgm. of tuber- 
culin; and from then on, with increasing age, an increasing percentage of 
those tested reacted to 0.01 mgm. of tuberculin. When the data are 
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TABLE 3 
Tuberculin reactions of colored persons in all counties investigated, grouped by age and dosage 


POSITIVE TO 0.01 mcm. POSITIVE TO 1.0 mcm. 
oO. T. 


0. T. TOTAL POSITIVE 


Number Per cent Per cent Number Per cent 


0 0.0 
15 10.7 
16.3 
17.3 
24.0 
19.1 
22.6 
28.9 
35.8 
37.2 
40.5 
44.3 
54.8 


UNE 


AGE 
; 0-1 88 0 0.0 9 0.0 
1-2 139 3 = 12 8.6 
2-3 153 6 19 12.4 
3-4 190 11 22 11.6 
4-5 200 13 35 17.5 
5-6 253 20 31 12.2 
6-7 407 31 61 15.0 
7-8 452 52 1 79 17.4 1 
8-9 481 63 1 109 22.6 1 
9-10 502 76 1 111 22.1 1 
10-11 570 94 1 137 24.0 2 7 
z 11-12 469 87 18.5 121 25.8 2 
12-13 514 125 24.3 157 30.5 2 
13-14 441 109 24.7 138 31.3 247 56.0 
14-15 441 117 26.5 143 32.4 260 58.9 : 
15-16 389 116 29.8 126 32.4 242 62.2 
16-17 367 124 33.8 148 40.3 272 74.1 
17-18 361 110 30.5 146 40.4 256 70.9 
ts 18-19 317 113 35.6 119 37.5 232 73.1 
. 19-20 226 89 39.4 78 34.5 167 73.9 
: 20-21 261 98 37.5 96 36.8 194 74.3 
21-22 217 93 42.8 72 33.2 165 76.0 - 
22-23 236 106 44.9 82 34.7 188 79.6 
f 23-24 197 97 49.2 66 33.5 163 82.7 
24-25 190 94 49.5 57 30.0 151 79.5 
i 25-26 180 89 55 30.6 144 80.0 
26-27 149 78 53 35.6 131 87.9 
i, 27-28 128 77 31 24.2 108 84.3 
28-29 140 76 32 22.8 108 77.1 
29-30 124 68 31 25.0 99 79.0 
t 30-31 173 103 40 23.1 143 82.6 
31-32 106 59 31 29.3 90 | 84.9 
32-33 98 61 24 24.5 85 86.7 
33-34 95 55 23 24.2 78 82.1 
1) 34-35 88 52 20 22.7 72 81.8 
35-36 140 89 29 20.7 118 84.2 
36-37 92 60 16 17.4 76 82.6 
37-38 92 62 21 22.8 83 90.2 
38-39 102 57 26 25.5 83 81.3 
39-40 101 66 25 24.7 91 90.0 
40-41 194 127 46 23.6 173 89.1 
41-42 59 37 13 22.1 50 84.8 
42-43 112 79 21 18.8 100 89.3 
43-44 77 58 13 16.9 71 92.2 
; 44-45 55 38 11 20.0 49 89.1 


TABLE 3—Concluded 
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AGE 


POSITIVE TO 0.01 


POSITIVE TO 1.0 MGM. 


TOTAL POSITIVE 


50-5 


54-5 


46-47 
47-48 
48-49 
49-50 


51-52 
52-53 
53-54 


1 


5 


NUMBER O. T. Oo. T. 
TESTED 
Number Per cent Number Per cent Number Per cent 
162 98 60.5 41 25.3 139 85.8 
92 58 63.1 23 25.0 81 88.1 
98 65 66.3 26 26.5 91 92.8 
122 75 61.4 31 25.4 106 86.9 
105 70 66.6 24 22.9 94 89.5 
202 142 70.3 36 17.8 178 88.1 
45 28 62.2 8 17.8 36 80.0 
71 Si 71.8 12 16.9 63 88.7 
46 33 73.2 6 13.1 39 84.8 
41 25 61.0 119 21.9 34 82.9 
444 65.5 142 20.9 586 86.4 


TABLE 4 


Tuberculin reactions of both races in all counties investigated, grouped by age and dosage 


COLORED 


WHITE 


Positive to Positive Positive Positive 

3191/8 8141] 8 

2] 2 
0-4 770| 33 | 4.3) 88 |11.4) 121) 15.7 56} 1 1.8} 10 | 17.9} 11 | 19.7 
5-9 {2,095} 242 {11.5} 391 |18.6) 633) 30.1; 114) 6 24. 1 16.4 i 23.7 
10—14/2 ,435} 532 |21.8) 696 |28.2/1,228) 50.0) 81) 10 | 12.3) 20 | 24.6] 30 | 36.9 
15-19}1 ,660} 552 |33.2| 617 |37.1|1,169] 70.3} 50) 12 | 24.0) 22 | 44.0) 34 | 68.0 
20-24}1 ,101) 488 |44.3) 373 |33.8] 861] 78.1 53} 22 | 41.5) 15 | 28.3} 37 | 69.8 
25-29} 721) 388 |53.8| 202 |27.9} 590) 81.7 56] 19 | 33.9] 23 | 41.1] 42 | 75.0 
30-34} 560}: 330 |59.0) 138 |24.6| 468) 83.6; 51) 20 | 39.2} 19 | 37.3) 39 | 76.5 
35-39} 527) 334 |63.4| 117 |22.3] 451] 85.7 55} 18 | 32.7] 21 | 38.2) 39 | 70.9 
40-44} 497) 339 |68.3) 104 |20.9) 443) 89.3 25} 16 | 64.0) 6 | 24.0) 22 | 88.0 
45-49] 579) 366 |63.3| 145 |25.2) 511) 88.5 22} 7 | 31.8) 11 | 50.0) 18 | 81.8 
50-54} 405) 279 |68.9) 71 |17.5) 350! 86.4 17) 6 | 35.3} | 47.1] 14 | 82.4 
55-59] 264] 183 |69.5) 52 |19.4) 235] 88.9 
60-64; 184; 120 |64.8) 41 (22.1) 161) 86.9 
65-69| 114] 74 |65.1| 26 |23.8| 100] g8.9|( 1° | 50-0) 10 | 31.2) 20 | 81.2 
70+ 116} 67 |57.7) 23 |19.8) 90) 77.5 


arranged on a basis of five-year age-periods (figure 3) the curve rises 
rapidly and sharply for the first 20 years of life, then more gradually up 
to 50 years; thereafter there is a definite decline. 
Because of the small number of white persons included, a comparison 
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cannot be made between the two races. It may be observed however 
from table 4 that both incidence of tuberculous infection (total number of 
reactions to tuberculin) and sensitivity to tuberculin (number of reac- 
tions to the smaller quantity) are lower among the white persons tested. 


FIGURE2 


TUBERCULIN REACTIONS AMONG THE COLORED 
GROUPED BY AGE AND DOSAGE 
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FIGURE 3 
TUBERCULIN REACTIONS AMONG THE WHITE AND COLORED 
IN 5-YEAR AGE PERIODS 
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These observations are in accord with observations made in other rural 
communities of the South (1). 

Sensitivity to tuberculin among the colored persons studied is further 
indicated by the intensity of the reaction, as shown in table 5. 


| 
AGE 


TABLE 5 
Intensity of reaction to tuberculin in colored persons, according to five-year age-groups 


DEGREE OF REACTION TO 0.01 MGM. oO. T. DEGREE OF REACTION TO 1.0 MGM. O. T. 


Positive to Positive to 
+ ++ +++ + ++ 
0.01 mgm. O.T. 1.0 mgm. O.T. 


tested tested 


Number|Per cent} Number Number Number Per 


cent 


770 33 
2,095 
2 ,435 
1,660 
1,101 
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560 

527 

497 

579 

405 

264 

184 
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77 
171 
124 
153 
107 
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116 
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127 
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61 
43 
23 
34 


737 88} 11.9 
1,853 21.1 
1,903} 696) 36.5 
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It will be noted from this table that the percentage of one plus (+) 
reactions to 0.01 mgm. of tuberculin is greatest in the younger age-groups 
and in a general way decreases with increasing age; the two plus (++) 
reactions are irregular in their distribution as to age; and the three plus 
(+++) reactions are, generally speaking, more frequent in the older 
age-groups. There is nothing significant concerning the distribution of 
four plus (++++) reactions. Of the 7,701 persons who failed to react 
to 0.01 mgm. of tuberculin and were retested with 1.0 mgm., 3,084, or 40.0 
per cent, reacted. Despite the fact that 100 times the original amount 
of tuberculin was injected, 90 per cent of those who reacted to the second 
injection yielded a one or two plus, only 10 per cent a three plus, and in 
no instance was a four plus observed. It will be seen that with increas- 
ing age the percentage of one-plus reactions diminished and the two- and 
three-plus reactions increased. 

These observations confirm observations previously made in the South 
(1), which showed not only a higher incidence of infection as determined 
by the tuberculin reaction, but also greater sensitivity to tuberculin in 
the colored race as compared with the white, expressed quantitatively 
by the percentages of reactions to the smaller dose, and qualitatively by 
the intensity of the reaction. Dickey (8) has similarly observed more 
severe reactions to tuberculin among children of Chinese and Japanese 
descent than among other races. This he attributes to poor living condi- 
tions and the consequent exposure of these children to more intense in- 
fection. Opie (9) has pointed out that colored persons are probably 
exposed more often than white persons to massive doses of tubercle 
bacilli, and that this may be due in part to environmental conditions and 
in part to the acute forms of the disease, with abundant elimination of 
tubercle bacilli, characteristic of tuberculosis in the Negro. High bacil- 
lary counts among colored patients in Jamaica (10), as compared with 
white patients in Philadelphia, have been shown by the Gaffky method, 
and among colored patients in Philadelphia (11) by an improved method 
of sputum examination. Experimentally, Roemer and Joseph (12) and 
Lewis and Aronson (13) found that the intensity of the reaction and the 
time of its appearance in the guinea pig are dependent upon the dose 
of tubercle bacilli injected. 

Investigation of exposure to tuberculosis with positive sputum un- 
fortunately could not be included in the present survey. With the migra- 
tion of the Southern Negro during recent years those ill with tubercu- 
losis often, doubtless, return to their former homes. In the course of the 
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survey there were found on different plantations persons said to have 
tuberculosis, who had been taken ill while in the North and had returned 
to their families to be nursed, often in crowded cabins filled with young 
children, and so, apparently, they had become new foci of infection. 
Study of the sources of infection and means of dissemination of tubercle 
bacilli among the colored population of the rural South might throw light 
upon the high incidence of infection revealed by the tuberculin test. 


INCIDENCE OF TUBERCULIN REACTIONS ACCORDING TO SEX 


Observations differ as to the relative frequency of tuberculous infec- 
tion in males and in females. Hetherington, McPhedran, Landis, and 
Opie (2) found tuberculous infection more frequently in girls than in 
boys of the same age. Chadwick and Zacks (14), using the Pirquet 
method, found that boys showed a higher incidence of infection than girls, 
especially boys of Irish, Canadian and Teutonic descent. In the pre- 
vious investigation in the South (1), it was found that in the white race 
tuberculous infection was less frequent in the females than in the males, 
whereas in the colored race the percentage of infection was higher among 
girls than among boys ranging in age from 5 to 14 years, but markedly 
lower in girls from 15 to 19 than in boys of the same age. 

A summary of the tuberculin reactions according to the sex and race 
of the reactors, grouped in 5-year age periods, together with the dosage 
of tuberculin, is presented in table 6. 

When the incidence of reaction among the colored males and females 
is compared, it is found to be slightly higher among the females in the 
first three five-year groups; thereafter the situation is reversed. In the 
white race, probably because of the small number tested, the relative 
incidence in males and females is irregular. 


COMPARISON WITH TUBERCULIN SURVEYS IN OTHER COMMUNITIES 


It is difficult, if not impossible, to compare the amount of tuberculous 
infection found by different observers in different investigations, because 
of variations in the amount and potency of the tuberculin used and in 
the methods of applying it, as well as in the social and economic status 
of those tested. 

Tuberculous infection was determined by the same method with tuber- 
culin of the same potency and in the same dosage in the surveys in Phil- 
adelphia schools (2), in an institution at Waverley, Massachusetts, in 
schools near Boston (15), and in rural communities of Tennessee (1), 
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INCIDENCE OF TUBERCULOUS INFECTION IN SOUTH 


FIGURE 


TUBERCULIN REACTIONS AMONG THE COLORED 
GROUPED BY AGE AND SEX 


ACE S-YEAR PERIODS 


TABLE 7 
Comparison of tuberculous infection among white and colored populations in various communities 


5 To 9 YEARS 10 TO 14 YEARS 15 To 19 YEARS 


Schools in Philadelphia 

Institution at Waverley, Massachusetts... 
Schools near Boston, Massachusetts 
Rural population in Tennessee 

Rural population in Alabama 

Rural population in Florida 


Schools in Philadelphia 57.1 79.9) 187) 163 
Rural population in Tennessee 44.4 171|72.9| 86) 61 
Rural population in Mississippi 46.9 27|/57.4| 49) 34 
Rural population in Alabama 30.9 590|51.7/1,219| 842 
Rural population in Florida 28.9 203|/51.5} 205) 166 
Rural population in South Carolina 29.9 435/48 .3) 236) 161 


Mississippi (1), Alabama, Florida, and South Carolina (present investi- 
gation). The results of these investigations for the ages from 5 to 19 
years are shown in table 7 and figure 5. 
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478| 176|36.8| 510] 310}60.8| 126| 86/67.4 
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Colored 
87.1 
70.9 
69.3 
69.1 
80.9 1 
68.2 


634 JOSEPH D. ARONSON 


It is seen that the incidence of infection is highest in Philadelphia for 
both white and colored races. In all these surveys the increment in 
percentage over the previous five-year period grows smaller with increas- 
ing age in those communities in which infection is comparatively high 


FIGURE 


baeemey REACTIONS IN VARIOUS COMMUNITIES 
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in the younger age-periods, whereas in those communities in which the 
incidence of infection is lower in the younger age-groups the increment is 
greater with increasing age. The trend of tuberculous infection is the 
same in all the communities tested. 
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SUMMARY 


The incidence of tuberculous infection was determined by means of 
the intracutaneous tuberculin test on 12,028 colored children and adults 
living in Lowndes, Bullock, Sumter, and Choctaw Counties of Alabama, 
in Taylor and Leon Counties of Florida, and in the rural districts of 
Charleston County of South Carolina; and on 612 white persons living in 
Lowndes County of Alabama and in Taylor County of Florida. 

From birth to one year of age none of the colored children reacted to 
tuberculin. With increasing age the percentage of those reacting in- 
creased, reaching a maximum of 92.8 per cent at 47 years. When the 
number of white persons tested was considerable, a larger percentage of 
the colored than of the white were found to react to tuberculin. 

A comparison of the results of this investigation with those obtained 
by similar methods in other communities indicates that the incidence of 
tuberculous infection among colored children in the rural counties studied 
was conspicuously lower than that found in colored children in Phila- 
delphia, Pennsylvania, and lower than in rural communities of Tennessee 
and Mississippi. The percentages of both white and colored children of 
southern states who reacted to tuberculin was far greater than the per- 
centages found by intracutaneous tests in rural districts of Minnesota 
and northern New York. 

The incidence of tuberculous infection was slightly lower among the 
colored males than among the females in the first 15 years of life, but 
higher from 15 to 70 years of age, or over. 

Up to the age of 19 years the number of persons who reacted only to 
the larger quantity of tuberculin (1.0 mgm.) was greater than the number 
of those in the corresponding age-periods who reacted to the smaller 
amount (0.01 mgm.); after that age the percentages of those who reacted 
to 0.01 mgm. increased. 

The colored persons tested were more sensitive to tuberculin than the 
white, both qualitatively, as was shown by more intense reactions, and 
quantitatively, as evidenced by the higher incidence of reactions to the 
smaller amount of tuberculin. 


I wish to acknowledge the codperation of Drs. J. N. Baker and G. Gill, director and epi- 
demiologist respectively of the Alabama State Board of Health; Drs. H. Hanson and F. A. 
Brink, director and epidemiologist of the Florida State Board of Health; Dr. E. A. Hines, 
director of the South Carolina State Board of Health; and Dr. Leon Banov, County Health 
Officer, Charleston County, South Carolina, in making possible the investigation reported 
here. 
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THE INCIDENCE OF TUBERCULOSIS IN THE FAMILIES 
OF A GROUP OF SANATORIUM PATIENTS:!? 


ELOISE HAYWOOD, W. H. MORRISS anp GEORGE C. WILSON 


In the past decade our understanding of the pathology of tuberculosis 
has been notably increased through the recognition of childhood and 
adult types of infection. While this conception has done much to clarify 
the pathogenesis of tuberculosis, it cannot but be recognized that, as re- 
gards our understanding of contagion and the methods of infection, we 
have progressed but little from the days of Villemin, Koch, Cornet and 
Fliigge. In the writings of modern epidemiologists family or household 
contact is assuming a constantly more important réle as a source of infec- 
tion. Recent publications from the Henry Phipps Institute by Opie and 
McPhedran (1) furnish us real material for assessing this conception, but 
at the same time propound new problems. Why do some families react to 
tuberculous exposure in the same general way as they would react to any 
other contagious disease, and, on the contrary, why do other families with 
apparently equal opportunity for exposure fail to show a similar picture of 
spreading family infection? How does economic environment and racial 
stock influence infection? What is the relationship between latent child- 
hood tuberculosis and subsequent adult-type infection? Are individuals 
with calcified nodules in their lung parenchyma and hilum more or less 
susceptible to later destructive lesions? What is the meaning of appar- 
ently healed apical tuberculosis? Can it be considered as the source of 
manifest disease in other contact cases, or is it a mild and innocuous 
type of adult infection developing in resistant individuals who come in 
contact with open cases? What of the latent cases, both childhood 
and adult type? How are we to distinguish between the regressive type 
that needs little or no treatment and the slowly progressive type that 
is headed for manifest disease and therefore in urgent need of proper 
treatment? 

The present study, made possible by a grant from the Hazen Founda- 
tion, was undertaken not in hope of answering these questions but to add 

1 From Gaylord Farm Sanatorium, Wallingford, Connecticut. 

? This study was made possible by a grant from the Hazen Foundation. 
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to the material available for their study. We have felt that our patients 
at Gaylord Farm offered unusual opportunity to make a family study 
survey after the method of Opie and McPhedran. They come from a 
comparatively small geographical section of a small state, and are thus 
readily accessible; they represent an unusually fair sample of the people of 
the Eastern States. This is well shown by their educational factor. 
Ninety-one per cent of the patients, whose families were studied in this 
survey, had had at least a grammar-school education, 46 per cent com- 
pleted high school, while 23 per cent had had special or college training. 
It is apparent that this group represents neither the richest nor the poor- 
est, but a cross-section of the average population. It should be noted 
that no Negroes were examined in this study. 


PROCEDURE 


First contact with the family was made by interviewing its representa- 
tive sanatorium patient. The objects of the study were explained and 
his codperation thus enlisted in the survey of his family. At the same 

_time a form letter was sent to the family physician in order to familiarize 
him with the work and secure his aid in rounding up the family. Reports 
on the family were later sent to him, and cases requiring close medical 
supervision were referred to his care. The study was undertaken only 
when all members of the household would agree to come for examination. 
This consent was usually obtained through the sanatorium patient, but at 
times visits to the home and the use of persuasion were found necessary. 
Most of the families were anxious to codperate, and were appreciative of 
the opportunity for thorough examination offered them without charge. 
Some, as was to be expected, refused either because they did not want to 
bother, or because they did not want “to go looking for trouble.” In addi- 
tion to the complete household an effort was made to examine, as far as 
possible, all the members of the immediate family no longer living in the 
patient’s household. 

From the experience of others conducting similar surveys on children 
and contact families several definite conclusions as to the comparative 
value of methods can be reached. The intracutaneous tuberculin test 
may be regarded safely as a specific and reliable method of determining 
the presence of tuberculous infection. Physical examination, while use- 
ful in other respects, does not enable us to pick up childhood-type tuber- 
culosis or many cases of latent adult-type tuberculosis. X-ray examina- 
tions are essential to determine the presence of pathological lesions, but 
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even X-ray examinations may fail to discover a minute lesion or a larger 
lesion concealed by its position from visualization on the film. 


METHODS OF STUDY 


All the individuals comprising our survey were examined in the follow- 
ing ways: 


1: History recorded 

2: Physical examination 
3: X-ray examination 
4: Tuberculin test 


The family as a whole was studied by compilation of individual data on a 
general family summary sheet; visits to the home with inspection of 
living conditions. Family charts were prepared after the method of 
Opie and McPhedran. 


HISTORY 


A history of each individual was obtained covering former general and 
respiratory diseases, operations and present condition. The history also 
recorded matters of general economic status. 


PHYSICAL EXAMINATION 


A thorough physical examination was made covering general appear- 
ance, eyes, ears, tonsils, teeth, heart and lungs. Suggestions were made 
when indicated as to the correction of various nontuberculous conditions. 


X-RAY EXAMINATION 


Stereoscopic films were made whenever possible. In young children, 
when this was not practicable, single posteroanterior films were taken, 
supplemented frequently by oblique films. To ensure uniformity in inter- 
pretation, all of the films were read by one person. They were classified , 
for our purposes into groups conforming in most respects to the classi- 

fication employed by Opie and McPhedran. Our classification may per- 

haps be best understood from the table of criteria drawn up at the be- 

ginning of the study. It is as follows: 


Criteria for Classification of X-ray Films 


1: No tuberculosis: Films may show the following abnormalities: thickened 
pleura over apex (this must not extend into parenchymal fields); irregular or 
flattened dome of diaphragm, peaking of dome of diaphragm, conspicuous 
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linear markings, which may show interlacing and beading provided there are 
no definite nodules. 

2: Latent tuberculosis: Healed nodular (focal nodular). Calcified nodule in 
any part of the lung field must be distinguished carefully from horizontal 
blood-vessel’s shadow; for instance, they should appear in both of stereo films, 
and are not continuous with blood-vessel trunk of the same dimensions. In this 
group include Ghon or primary focus with parenchymal nodule and hilum 
nodes. 

3: Tracheobronchial: Calcified nodules, usually multiple in hilum and at 
tracheal bifurcation. Must be distinguished from blood-vessels. Should be 
confirmed by oblique films. These shadows must be entirely definite. If 
there is doubt, they are to be considered as due to blood-vessels. 

4: Healed apical: This comprises several degrees of apical infiltration. The 
distinction between this group and clinical disease is not always possible by 
film study. The picture may range from greatly thickened apical pleura, 
forming a heavy crescentic shadow at the apex and appearing to invade slightly 
the parenchyma, to patchy, hard, nodular mottling apex to 2nd rib. All 
symptoms must be absent to include films in this class. 

5: Manifest tuberculosis: A definite parenchymal shadow must be present. If 
confined to one or both apices it must be soft or confluent, as distinguished 
from the hard nodular type shadows allowed under latent healed apical. Some 
opinion as to activity may be offered from the film but final decision in this 
respect must be based on complete study of the case. Childhood and adult 
type lesions are not classified separately. 


At the conclusion of the study the entire group of films was reread and a 
few changes in diagnosis and classification were recorded.® 


TUBERCULIN TESTING 


The intracutaneous method was employed exclusively. The dosage at 
the beginning of the study was an initial dose of 0.01 mgm. O.T., but, asa 
large proportion of the cases were found to require a second injection, the 
initial dose for most of the study was 0.1 mgm., followed when negative 
by a second dose of 1.0 mgm. No untoward reactions were obtained, 
only two being classified as plus four. The potency of the tuberculin 
employed was tested on tuberculous guinea pigs. The reactions were 
graded in the customary manner as +, ++, +++,and++++. An 
area of redness, with oedema not over 10 mm. in diameter, constituted 
a one-plus reaction; from 10 to 15 mm. a two-plus; extensive redness with 


§ The kindness of Dr. McPhedran is gratefully acknowledged for his assistance in reviewing 
fifty of the more doubtful films. 
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oedema over 15 mm. a three-plus; and the same reaction with addition of 
a central area of necrosis a four-plus. The test was read at the end of 
forty-eight hours. 


TABLE 1 
Comparison of tuberculin reactions and X-ray findings by age-groups 


AGE-GROUPS 


15-19 | 20-29 


56 131 


No tuberculin test done 16 | 38 


Mantoux tested 93 
X-ray diagnosis 


Number 
Per cent 


Number 


Negative 


Positive 
Per cent 


Number 
Negat 
— Per cent 
Negative 
Positive Number 
Per cent 
Number 
Per cent 


{ Number 


Negative 
Latent 


Positive 
Per cent 


umber 
Negat 

egative 

Manifest < 


Yumber | 31 3 2 4 


6 
Percent |100 100 |100 /100)100 100 


Positive 


Visits were made to each home to determine living conditions, as based 
on light, ventilation, crowding, comfort and apparent social and economic 
status, each family being graded as good, fair or poor in this respect. 
These visits and gradings were made by the same person. 


0-4 | 5-9 |10-14 ry 50-59 
44 43 162 104! 74) 54 36 
31| 15} 12 | 10 4 
73| 59] 42 |'26 
37 | 9 161 5] 5 1 
8.1] 25.7| 30.5]12.5| 12.5] 5.3 2.4 
Total 
415 | 26 | 25 | 35 | 88 | 73] 59] 41 | 26 
91.8] 74.2] 69.4187.5] 87.5] 97.6/100 
31 | 5] 5 ’ 
10.7] 31.0] 36.0]11.5| 17.2] 7.9 
257 | 20 |16 |23 | 24 | 58 | 48] 31] 26 | 11 
89.2] 68.9] 64.0/88.4] 82.8] 92.0]100/100/100 |100 
6 213 1 
4.5 22.2|13.6 6.2 | 
127 | 3 | 7 19 | 7 | 23 | 19] 22115 | 12 
95.4|100 | 77.7/86.3/100 |100 |100/100] 93.7/100 
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RESULTS OF STUDY 


The following report is based on the study of 156 families, comprising 

604 individuals, an average of approximately four persons per family. 

Of these families the complete household was examined in 149, or 96 per 
cent, and the complete family in 80, or 53 per cent. 


TUBERCULIN TESTING 


The incidence of positive tuberculin tests was found to be 91.8 per cent 
for the whole group, increasing from 74 per cent for the age-group under 
five to 100 per cent for the group from 30-39. The figures obtained are 
very similar to those of Opie and McPhedran for contact families, al- 
though they obtained 100 per cent reactors at 20 years. Comparable 
figures for noncontacts in the age-group under twenty may be found in the 
work of Chadwick and Zacks (2), Dickey and Seitz (3), and Leggett and 
Callahan (4), where the percentage of reactors varied from 23 to 28 per 
cent, as compared with 80 per cent for the same age-group in the present 
study. 

While positive reactions were obtained in all those showing manifest 
lesions, 4.5 per cent of those with latent lesions, six individuals, failed to 
react to 1.0 mgm. O. T. This discrepancy is probably due to error in 


interpretation of X-ray films, though it may well be possible that these 
supposed tracheobronchial lesions were of nontuberculous origin. 

With regard to the severity of the reaction, it is of interest to note that, 
of the 31 with manifest lesions upon whom tuberculin tests were done, 
only one gave a four-plus reaction, the remaining thirty being equally 
distributed between one-, two-, and three-plus reactions. 


X-RAY LESIONS 


A consideration of the results of roentgenological examination as shown 
in table 2 and graphically illustrated in chart 1 emphasizes several points 
as of particular interest. The incidence of manifest tuberculosis for the 
whole group is 8.4 per cent, a rate which is considerably higher than for 
any noncontact group, but comparable with other figures for contacts. 
Considerable work has been done in England on tuberculosis among house- 
contacts, two papers in particular being of interest as regards this study. 
Jessel (5), in his study of contacts in Lancashire, reports 7.48 per cent to 
be definitely tuberculous, while Turner (6), in a similar study from Wor- 
cestershire, reports 8.28 per cent. In this country Opie and McPhedran 
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TABLE 2 
X-ray findings by age-groups 


AGE-GROUPS 


X-RAY FINDINGS 


15-19} 20-29 


All cases: Number 56 {131 


Number... 


ti 
Negative Per cent... 


Lat 
Per cent... 


Number. . 


Focal nodular Per cent... 


cheobronchial Per cent... 


Number... 
Per cent... 


Focal nodular and 


Focal nodular and tra- P umber. . 
healed apical { 


Tracheobronchial 


Per cent... 


Number.. 
Per cent... 


Tracheobronchial and 
healed apical 


Number. . 


Healed apical Per cent... 


bronchial and apical Per cent... 
Number. .} 51 
Manifest Per cent...| 8.4 
Number. .| 29 


Active Per cent...| 4.8 


Focal nodular, tracheo- fag 


Number. .| 22 
Per cent...| 3.6 


Inactive and questionable 


estimate the cases of manifest tuberculosis among contact children to 


be 1 in 11, or 9.9 per cent. 
The percentage of individuals showing no evidence of tuberculous 


lesions, 62.2 per cent, indicates that even in a contact group a consider- 


0-4 | 5-9 |10-14 30-39 |40-49|50-59 os 
104 174 |36 
376 |33 |39 | 88 | 65 133 | 
67.1] 62.5152.8161.1136.1 
177 |6 |10 127 |32 |28 
29. .6|23.2/43.5|16.0| 24.6] 26.9139.1135.1147.2 
26 3 6|6 1415 
4.3 4.8 5.7| 5.41 9.2] 5.5 
6.1 1.7} 6.4] 5.7] 8.1] 9.2\19.4 
4 1 2/1 
6 7 3.7| 2.7 4 
10.7] 10.5/14.8] 9.2|13.8 
8 1/1/4 4/1 41 
12 i 2141/4 1 
1.9 1.6 1.5] 3.8] 5.4 2.7 
1 1 
1.8 
5 |2 |i 16 
11.3] 4.6 14.2] 8.3] 10.5] 8.0] 3.7|16.6 3 
3 |2 71616 4 
6.8] 4.6, {12.5} 4.5] 5.7] 1.3 11.1 
2 te t2 is 
4.5 3.8] 4.7] 6.7| 3.7| 5.5 


644 HAYWOOD, MORRISS AND WILSON 


able number will escape infection severe enough to cause a recognizable 
lesion. 

The high percentage of latent and manifest lesions in the group over 60 
years is of especial interest, as it indicates the importance of this elderly 


AGE AND SEX 
PERCENTAGE WITH POSITIVE ROENTGENOLOGICAL FINDINGS 
MALE ESS). FEMALE 


AGE GROUPS 


CuHartT 1 


group in family infection. The majority of these lesions were of the 
chronic type, evidently existing for a long period of years without causing 
symptoms severe enough to bring about the detection of disease. Rela- 
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tively little attention has been paid to this group in the past, but they 
cannot be ignored, since they unquestionably afford a significant source 
of infection. 

The age-groups of 10-14 and 15-19 are of interest, especially since the 
former shows a very high percentage of latent lesions, 43.5 per cent, but 
no manifest tuberculosis, while in the 15-19 group there is a high inci- 
dence of manifest, 14.2 per cent, and only 16 per cent latent lesions. The 


TABLE 3 
Diagnosis according to age and sex 


DIAGNOSIS 
AGE-GROUP Negative Latent 
Number Per cent Number Per cent 
M..... 277 154 55.5 92 33.2 31 11.1 
F... 327 222 67.8 85 26.0 20 6.1 
M..... 20 13 65.0 3 15.0 4 20.0 
ee. 24 20 83.3 3 12.5 1 4.1 
as 21 15 71.4 4 19.0 2 9.5 
“a 22 16 72.7 6 27.2 
ae 37 17 45.9 20 54.0 
25 18 | 72.0 7 | 28.0 
Pre eee 23 12 52.1 6 26.0 5 21.7 
ee 33 27 81.8 3 9.0 3 2.0 
ae 8.. 60 39 65.0 17 28.3 4 6.6 
71 a9 | 0.0 | 15 | 21.1 7 | 98 
: 47 25 53.1 16 34.0 6 12.7 
37 40 | 70.1 12 | 21.0 5 | 8.7 
a, 25 il 44.0 10 40.0 4 16.0 
0-9 49 28 57.1 19 38.7 2 4.0 
ie. 26 16 61.5 8 30.7 2 7.7 
50-59 28 17 60.7 i1 39.2 
eS 18 6 33.3 8 44.4 4 22.2 
sd. | 18 7 38.8 9 50.0 2 11.1 


majority of the latent lesions in the 10-14 group are of the tracheo- 
bronchial lymph nodes. It therefore seems plausible that many of the 
manifest cases developing in their later teens come from individuals who 
would have been classified as latent a few years previously. These two 
age-groups are of the utmost importance in the epidemiology of tubercu- 
losis and close observation is of particular value at these ages. 

The age-group under five shows a high percentage of manifest tubercu- 
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losis, although the number with latent lesions is comparatively low. This 
is further evidence of the susceptibility of this age-group to manifest 
disease. 

When the tables of X-ray findings are arranged according to sex, we 
find that the percentage of males with lesions is higher than of females 


LATENT AND Manifest TuBeRcutosis, BY AGE GROUPS 


® 


CHART 2 


in all age-groups, except age 50-59, in which the difference is negligible. 
This is in direct contrast to the mortality rates, particularly in the age- 
group 14-19. Thus, in the United States Registration Area in 1927, the 
female death-rate for this age-group per 100,000 was 93.7 per cent against 
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a male rate of 48.9 per cent. In our tables at the same age, there are 9 
per cent latent tuberculosis and 9 per cent manifest tuberculosis among 
females as contrasted with 26 per cent latent and 21.7 per cent manifest 
among males. Other investigators have varied in their findings in this 
respect. Opie, et al., (7) report that lesions occurred slightly more fre- 
quently in girls, whereas Barnard, Amberson and Loew (8), for the age- 
group 12-15, found 19.4 per cent of boys with demonstrable lesions as 
compared with 16.4 per cent for girls. In the Honolulu study of Doo- 
little (9), no appreciable difference in the percentage of lesions was found, 
although in a contact group a higher percentage of males gave positive 
tuberculin reactions. A difference in length of exposure was considered 
as a possible factor in the higher percentages of males here obtained, but 
investigation showed that 52 per cent of females had had over twelve 
months’ contact as compared with 45 per cent of males. 


TABLE 4 
Comparison of household groups with members of family no longer in household 


DIAGNOSIS 


Manifest 


Negative Latent 


Number|Per cent|Number| Per cent] Number|Per cent 


376 177 | 29.3} 51 8.4 
485 296 | 61.0 | 147 | 30.3) 45 | 9.2 
80 33 | 27.7 6 5.0 


HOUSEHOLD AND NONHOUSEHOLD GROUPS 


In table 4 a comparison is made between X-ray findings in the household 
and nonhousehold groups. The latter group is made up of members of 
the family who have separated from the household for at least six months. 
It will be seen that there is but little difference between the incidence of 
tuberculosis in the two groups. There are only 6 per cent more negative 
cases in the nonhousehold group, and but 4 per cent less manifest cases. 
Several factors make this separation into two classes somewhat unsatis- 
factory; the exposure to the definite contact case, the sanatorium patient, 
may have been present at an undiagnosed stage of his disease; and the 
existence of other cases of tuberculosis in the family, either diagnosed or 
undiagnosed, may have constituted the primary source of the family 
infection. Of the 6 manifest cases discovered in the nonhousehold group, 
two gave a history of manifest family disease prior to the development of 
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the active symptoms in the sanatorium patient, while in the other cases 
the sanatorium patient had very apparently had his lesion for a number 
of years. 


CONTACT WITH POSITIVE SPUTUM 


It would seem to be a reasonable expectation that individuals in con- 
tact with open cases of tuberculosis would show a higher incidence of tu- 
berculosis than individuals whose contact was with a sputum negative 
patient. Table 5 gives such a comparison, and it is evident that as re- 
gards the development of manifest disease the expectation is justified, 
as there are 10.2 per cent cases which have been in contact with open cases 
as against 5.6 per cent in which sputum was negative. The incidence of 


TABLE 5 
Comparison between positive and negative sputum contacts 


PATIENT’S SPUTUM 


DIAGNOSIS Positive Negative 


Number | Percent | Number | Per cent 


372 | 100 232 
226 60.7 150 
108 29.0 69 

38 10.2 13 


negative findings of latent tuberculosis however is much the same in the 
two groups. This surprising finding rather suggests that latent tubercu- 
losis in the adult at least may not often be the result of recent contact 
with open tuberculosis. Too much significance must not be attached to 
comparison of these groups as distinction between open and closed cases 
is notably unsatisfactory. 


LIVING CONDITIONS 


The living conditions of the families studied were good enough, even at 
their worst, to exclude this factor from our study in determining the 
spread of infection. There were forty-four families living under good 
conditions, ninety-three under conditions considered to be fair, and only 
nineteen under poor conditions. As may be seen from table 6, the per- 
centage of those with lesions does not vary significantly with the differ- 
ence in home conditions. In no case, however, was there an average of 
more than two persons per room, so that even the poorest conditions were 


Manifest... 51 5.6 
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probably better than the average found by those working with families 
from the slums of our large cities. 


NATIVITY 


The factor of nativity is considered in table 7. There appears to be 
distinctly more tuberculosis in the foreign-born as compared with the 
native-born, and a gradual increase of incidence of lesions may be noted 
from native-born, through native-born of foreign parentage to foreign- 


TABLE 6 


Diagnosis under various living conditions 


LIVING CONDITIONS 


DIAGNOSIS Fair Poor 


Number Number|Per cent 


Per cent 


Per cent 


100 342 |100 114 |100 


376 89 | 60.1] 217 | 63.4] 70 | 61.4 
177 46 | 31.0 96 | 28.0; 35 | 30.7 
$1 13 8.7 29 8.4 9 7.8 


TABLE 7 


Diagnosis according to nativity 


DIAGNOSIS 


NATIVITY Negative Latent Manifest 


Number'/Per cent 


Number|Per cent 


Number'Per cent 


177 | 29.3 | 5! 


604 | 376 | 62.2 


Native born of native parentage....... 265 188 | 70.9} 63 | 23.8] 14 $.2 
Native born of mixed parentage....... 62 39 | 62.9] 17 | 27.4 6 9.6 
Native born of foreign parentage......| 189 105 | 55.5 | 60 | 31.7 | 24 | 12.7 

88 44 |50.0| 37 | 42.0 7 7.9 


born. While nativity itself would seem a factor of importance, we feel 
that this may be largely discounted by the notable difference in living 
standards. The childhood environment of the foreign-born was certainly 
much more unfavorable from the standpoint of hygiene than the average 
environment of native-born stock. It is also true that the average age 
of the foreign-born group is an older one than that of the native-born 
group, and according to our general tables a greater incidence of lesion is 
to be expected in the older age-groups. 
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DURATION OF CONTACT 


Duration of contact with a manifest case of tuberculosis has often been 
cited as a factor of prime importance in the spread of tuberculous conta- 
gion. Opie and McPhedran have emphasized this point, and have found 
in their study that the maximum incidence of lesions is found in the three- 
year period of exposure. Jessel found the average interval between the 
discovery of primary and secondary cases to.be three and one-half years. 
In our study, the figures, as shown in table 8,-do not appear to agree very 
well with the findings of other authors. In the group with manifest 
lesions, 44 per cent of the 45 cases had been in contact with the sanato- 
rium case for less than twelve months, 24 per cent for a period between 12 
and 24 months, and 31 per cent for over 24 months. In the group with 
latent lesions, 48 per cent were in contact less than 12 months, 15 per cent 


TABLE 8 


Diagnosis according to duration of contact 


LENGTH OF CONTACT 


DIAGNGSIS 0-12 months 12-24 months | Over 24 months 


Number|Per cent}|Number|Per cent|Number|Per cent 


Negative 307 155 | 50.4 | 74 | 24.1] 78 | 25.4 
Latent 150 72 | 48.0] 22 14.6] 56 | 37.3 
Manifest 45 20 | 44.4; 11 | 24.4] 14 | 31.1 
All cases of known duration of contact.| 502 247 | 49.2 | 107 21.3 | 148 29.4 


between 12 and 24 months, and 37 per cent for over two years. While, of 
course, it is difficult to estimate accurately the period of contagiousness 
of any given case, and, while possibly in many instances infection may 
have occurred in other ways in the so-called secondary cases, it would 
seem nevertheless a fair assumption that exposure of comparatively 
short duration is a greater danger than had been realized. 


PARENTAL INFECTION 


Opie and McPhedran have emphasized the greater percentage of lesions 
to be expected in a family, in which the source of contact is a parent, as 
compared with a family, in which one of the children has active tubercu- 
losis. This fact is substantiated by the data presented in table 9, where 
a comparison is made of 15 cases exposed to active tuberculosis in both 
parents with 18 cases in which the contact was with two other children of 
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the family. Although the groups are small, it will be seen that in the 
first instance only one-seventh of those examined were free from lesions 
while in the second instance about two-thirds showed negative X-rays, a 


TABLE 9 


Comparison of lesions in families where both parents have manifest tuberculosis with lesions in 
families where parents are negative but there are two cases among brothers and sisters 


X-RAY LESIONS IN CHILDREN 


Manifest 


nodular | bronchial apical 


Both parents manifest............ 233.2 9}60.0 4/26.6 


Both parents negative. Two mani- 
fest cases among brothers and 


TABLE 10 
Parental infection 


i X-RAY LESIONS IN CHILDREN 
: Latent 
Negative Focal Apparently | Manifest 
LESIONS IN PARENTS a nodular | bronchial | eale 
apical 
Both parents manifest......... 15 2/13.3 9/60.0 4 |26.6 
One parent manifest........... 187 | 106/56.6) 6 | 34/18.1) 4 | 2.1) 37 |19.7 
One manifest, one apical....... 30 17|56.6} 1 | 3.3) 723.3 5 |16.6 
One manifest, one latent. ...... 77 | 3646.7} 4| 5.1] 17/22.0] 3 | 3.9] 17 |22.0 
One manifest, one negative... .. 80 53/66.2} 1] 1.2! 10)12.5} 1 | 1.2] 15 {18.7 
41 34/82.9) 152.4) 3) 7.3 317.3 
604 | 26 | 4.3) 126/20.8] 25 | 4.1] 51 | 8.4 


startling difference. Table 10 illustrates the percentage of lesions found 
in the children with various combinations of diagnoses in the parents. It 
is found that, when one parent has active tuberculosis, 56 per cent of the 


Latent 
Negative Focal Tracheo- Healed eee 
5|27.7 2}11.1 
General group 26 | 4.3) 126|20.8) 25 | 4.1) 51] 8.4 | 
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children have negative X-rays, while this percentage rises to 82.9 per cent 
when both parents are free from lesions; and, on the other hand, when 
both parents have active tuberculosis, 26.6 per cent of the children are 
found with manifest tuberculosis, and only 13 per cent were classified as 
negative. It is unquestionably true that tuberculosis in the parent con- 
stitutes a very serious menace to the health of the children of the family. 


MARITAL TUBERCULOSIS 

While it is realized that the number of families in our study is too few 
to be used as a basis for reliable statistics on marital infection, we have 
prepared table 11 to show the incidence of tuberculosis among the con- 


TABLE 11 
Incidence of marital tuberculosis 


DIAGNOSIS 


Latent 


Negative Focal Tracheo- Healed Manifest 

TOTAL nodular | bronchial apical 
ils 


Husband with manifest tubercu- 


w Ww | Number 


604 | 376/62.1) 26 | 4.3) 25 | 4.1) 51 | 8.4 


* Numbers too small to figure percentages. 


sorts of our 100 married cases of manifest tuberculosis. As a basis of com- 
parison we have appended the X-ray findings of the total group of indi- 
viduals comprising our contact families. The table does not offer any 
striking evidence of special danger to consort as compared with the entire 
group: 53.2 per cent are negative, 6.25 per cent show manifest tuberculo- 
sis, as compared with 62.1 per cent negative and 8.4 per cent manifest 
in the general group. However, when healed apical lesions are added to 
the manifest group, the total of 15.9 per cent is appreciably higher than 
the 12.5 per cent of the general group. It is extremely unsafe to general- 
ize on so small a number of cases, but from our series one may conclude 
that the possibility of marital infection cannot safely be excluded from 
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our advice to patients. The figures, however, seem to say that in tuber- 
culosis transmission of the disease is influenced by other factors than are 
present in the so-called contagious diseases. It is of interest to note that 
Opie and McPhedran found, in their 21 married couples, one consort of 
which had manifest tuberculosis, an incidence among the apparently well 
consorts of 50 per cent either manifest or healed apical tuberculosis. 
It is apparent that this interesting subject needs study based on a far 
larger number of cases in which details of the duration and state of the 
disease in the contact case can be taken into proper consideration. 


FAMILY HISTORY 


In surveying the family as a unit, it is of interest to note that, in 49 of 
the 156 families examined, or in about 36 per cent, there was at least one 
case of tuberculosis in the family prior to the illness of the sanatorium 
patient. In about half of the positive histories, the prior case was in one 
of the parents. In three families in which the prior case had been present 
in a younger member of the family, manifest tuberculosis of the chronic 
type was found in the father of the family on our X-ray study. The im- 
portance of parental infection and the general danger to younger members 
of the family from older chronically infected individuals is thus empha- 
sized. It is interesting to bear in mind in this regard the high incidence of 
tuberculosis in our age-group of over sixty. 

Of the 51 families examined having no prior family history of tubercu- 
losis, 13 showed no lesion by X-ray in any member of the family. The 13 
sanatorium patients with manifest tuberculosis from these negative fam- 
ilies were studied as to occupation in an effort to discover other sources of 
infection. The only significant finding was that five of these 13 cases 
were hospital nurses. This probably indicates, as Geer (10) and others 
have pointed out, a very real danger of contracting tuberculosis in this 
profession. 

A question of interest to clinicians and public-health workers alike is: 
What reliance can be placed in the family history given by our patients? 
In an effort to elucidate this question a review was made of the family 
history given by the 51 sanatorium patients in whose family a secondary 
case of manifest tuberculosis had been discovered. It was found that in 
12 instances the presence of the secondary case was suggested by the 
history, eight were noted as having been under treatment for tuberculosis, 
ene as having had an haemoptysis, and three as having chronic cough. 
In 39 instances, or 76.4 per cent, there was no mention which might lead to 
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suspicion of the secondary case. Three of these unmentioned cases had 
“cured” for tuberculosis at some previous time. 

A comparison was then made with this group of sanatorium histories 
and the new histories given by the 51 secondary cases during the survey. 
In 19 cases in which the sanatorium history was negative, the new history 
could be termed suspicious. In three of the family records in the sana- 
torium history, no mention was made of the individual found to have mani- 
fest tuberculosis. This leaves 17 cases, or 35 per cent, of the total sec- 
ondary cases in which both histories were entirely negative. In other 
words, 35 per cent of the discovered cases of manifest tuberculosis were 
without any symptoms or suspicious past history. Jessel feels that exam- 
ination should be limited to suspicious contacts, since the results of exam- 
inations of all contacts does not justify the time and money spent. The 
number of cases which would be missed if this were done is certainly 
important. 


TREATMENT 


The most difficult problem encountered in our study is the question of 
proper treatment of the discovered secondary cases. In the survey vari- 
ous types of lesion believed to be tuberculosis were found. One hundred 
and seventy-seven individuals were classified as having latent tubercu- 
losis, this group including focal nodular, tracheobronchial and apparently 


healed apical lesions. The significance of these lesions is thought to vary 
markedly with the individual’s age. After the third decade evidence of 
former apparently healed tuberculosis, as offered by any one or combina- 
tion of the types, was considered to have little significance for that indi- 
vidual. Much the same lesions in a child, however, might mean active 
childhood-type tuberculosis, or at least a comparatively recent activity, 
that must be considered as a potential source of future danger to the 
patient. 

When a definite parenchymal lesion was discovered in an adult appar- 
ently entirely well, an even more serious problem was presented, as it 
often involved economic and social difficulties as well as medical judg- 
ment. To illustrate the difficulties the following case history is sum- 
marized. 


Family X consisted of a young man, 38 years of age, with moderately advanced 
pulmonary tuberculosis of about three years’ duration. He is the sanatorium 
patient and point of contact with the family. Others in the family are an aged 
father, suffering with partial cardiac decompensation and unable to work, and 
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two elderly aunts entirely dependent on the fifth member of the family, a 
young woman of 37 years, a public-school teacher. Examination of the 
family shows an old healed calcification in one aunt, negative findings in the 
other aunt, general bronchitis and mitral insufficiency in the father, and 
asymptomatic bilateral pulmonary lesions in the school-teacher. The X-ray 
diagnosis of the latter is manifest pulmonary tuberculosis, with hard nodular 
infiltration above the 2nd rib on both sides. Activity is thought slight, the 
lesion showing marked evidence of fibrosis. To advise this young woman to 
go on the cure meant the removal of the only income from the family group. 
The situation was handled after an entirely frank discussion with the teacher 
by placing her on our observation list, permitting her to continue with her 
work, and with the proviso that she devote regular hours to rest, increase the 
nutritional quality of her food and return every month for X-ray and examina- 
tion. In this case the results so far have been entirely satisfactory. 


The program adopted was developed as we proceeded with the survey 
and may be summarized as follows: Cases with manifest tuberculosis, 
showing a type of infiltration considered as definitely active by X-ray, 
were advised as strongly as possible to undergo institutiona] treatment; 
whether or not symptoms were present did not influence greatly our 
advice in this group. On the contrary, when manifest disease of doubt- 
ful activity was diagnosed, the presence or absence of symptoms was the 
decisive factor in the advice offered. When the diagnosis was of latent 
apparently healed apical tuberculosis, the patient was placed on the 
observation or follow-up list. This was also the procedure in well-marked 
cases of tracheobronchial or focal nodular disease discovered in the first 
two decades. With the same roentgenological findings in older patients, 
in the absence of suspicious symptoms or physical findings, the condition 
was considered of no clinical importance. Of the 51 manifest cases 
diagnosed, seven had previously taken institutional treatment, and 
eighteen were admitted to sanatoria for treatment. One hundred and 
seven individuals were placed in the group for follow-up study. The 
majority of these showed latent lesions; but some cases of manifest tuber- 
culosis were included in the group, either because the lesion was appar- 
ently inactive or because other treatment was not possible. Only 54 of 
these follow-up cases have returned regularly for examination. Of these, 
35 have shown no significant change, 15 have definitely improved, and 4 
have shown changes of an unfavorable nature. These four have all 
received sanatorium treatment. 
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DISCUSSION 


This survey was undertaken with two objects in mind: first, the deter- 
mination of the amount of tuberculosis, latent and manifest, present in a 
group of average contact families; and, second, a demonstration of case- 
finding under conditions as nearly ideal as we could make them, because 
the group of individuals studied constituted a most likely field for posi- 
tive diagnosis, and because every facility for examination was to be at our 
disposal. 

As regards the first object, our findings are very similar to those of our 
predecessors in this sort of study. We have discovered families in which 
all members are heavily infected, such as family no. 82, in which father 
and mother died from tuberculosis, four of children have active manifest 
disease, and the four other children have tracheobronchial infection. At 
the same time, we have found, not infrequently, families with apparently 
equal opportunity for infection when little or no infection was found pres- 
ent. The incidence of manifest tuberculosis in the group, 8.4 per cent, is 
much higher than could be expected in any noncontact group, though our 
study suffers here from a lack of exact control by means of a similar sur- 
vey of comparable noncontacts. Latent tuberculosis, including child- 
hood-type lesions of questionable activity, is found present in 29.3 per 
cent. We have not been able to make any deductions of value as to the 
important relationship of latent and manifest tuberculosis. We have 
realized, however, as our study progressed, that in this respect one of the 
most valuable parts of our study is to be found in the following-up of the 
cases found to have a suspicious amount of latent lesion. We regret that 
our list for observation is not longer and that our facilities for this follow- 
up work are no longer adequate. The difficulty with this sort of study is 
indicated by the fact that only 50 per cent of our cases listed for further 
observation have returned regularly. In spite of its difficulties it seems 
that the only way in which questions of the development of manifest 
lesion from latent can be determined. In this respect more extensive 
experiment is indicated, such as the one under way at the Lymanhurst 
School, where large groups of children who have been affected with child- 
hood-type tuberculosis are to be followed throughout their lives. It is 
our intention in this respect to keep in close touch with the cases of 
marked tracheobronchial or focal nodular tuberculosis occurring in 
children or young adults. 

So far, we have had no case of manifest tuberculosis develop from an 
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individual classified as having tracheobronchial or focal nodular tubercu- 
losis, though the comparative frequency of cases admitted to the Sana- 
torium which show a combination of apparently healed latent and active 
manifest disease indicates that this development cannot be infrequent. 
The four cases mentioned in our list of follow-up cases, as having shown 
definite progression, were primarily classified as having manifest tubercu- 
losis apparently inactive. This circumstance has given point to the diffi- 
culty of deciding from X-ray and clinical observation whether or not a 
case is really inactive. One case of acute manifest tuberculosis developed 
in a young man one year after he had been examined and classified as 
negative by X-ray and physical examination. His tuberculin reaction was 
in the first examination positive. He was a member of a family contain- 
ing two manifest active cases, one of which was living at home during the 
period in which he contracted his disease. We have had no case classified 
as having apparently healed apical tuberculosis develop any progression 
of lesions or symptoms of disease. It is our feeling that these cases 
should be watched in the same way as the tracheobronchial group, but 
that, as a group, they have but little clinical significance to the individual 
affected. 

The high incidence of manifest lesions in the group over 60 years has 
already received comment. That one-sixth of the 36 individuals in this 
group had manifest tuberculosis is certainly a fact to give us pause, but 
the great importance of this sort of carrier of infection is best demon- 
strated by a study of their families. Five of the six had extensive long- 
standing lesions, and the families of these five, aggregating 26 individuals, 
showed 8 cases negative to tuberculosis, 8 cases of latent tuberculosis, 
and 10 cases of manifest disease of which 3 had ended fatally. 

The contrast between the age-groups of 10-14 and 15-19 has already 
been pointed out, but further comment here also seems indicated. The 
high incidence of latent lesion, 43.5 per cent in the 10-14 group, may well 
be looked upon as the accumulation of end-results of childhood-type in- 
fection; and the absence of manifest tuberculosis in this group does indi- 
cate a period of comparative safety which is in keeping with our former 
experience. On the other hand, the incidence of manifest lesions in the 
15-19 group, 14.2 per cent, just as definitely indicates an age of maximum 
danger from the standpoint of the development of manifest disease. 
Whether this depends on the developmental stage of the individual or on 
the increased environmental stress and strain of this age-period cannot 
be determined or even hinted at from our study. 
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Our second object, that of demonstrating a case-finding method, has 
led us to the discovery of 51 cases of manifest tuberculosis: 28 of these are 
classified as active, 20 as inactive or questionable, and 3 not classified on 
account of insufficient data. Of these 9, or 18 per cent, were classified 
according to the standards of the National Tuberculosis Association as 
minimal, 31, or 64.5 per cent, as moderately advanced, and 8, or 16.6 per 
cent, as far advanced. In addition, we have listed for follow-up about 99 
cases of apparently latent tuberculosis, comprising 43 cases of childhood- 
type disease of questionable activity. It is apparent that this sort of 
study is most effective in uncovering new cases, and that in such a study 
the X-ray examination is by far the most important part of the procedure. 

It is also worthy of note that in this study, which might be fairly con- 
sidered as an ideal procedure for the detection of early cases, but 9 cases 
were discovered classified as minimal and of these four were old, appar- 
ently quiescent cases. That is to say, of the twenty-eight newly discov- 
ered active cases but five could be classified as minimal. It is, therefore, 
obviously unfair to expect any high percentage of minimal cases to be 
picked up by usual methods of examination. The hope that our thera- 
peutic results can be improved by early diagnosis and the discovery of a 
high proportion of minimal cases seems visionary. Tuberculosis does not 
develop often in a way to offer such an opportunity. 


SUMMARY 


1. Six hundred and four individuals in 156 families were examined. 

2. Positive tuberculin tests were obtained in 91.8 per cent of all indi- 
viduals examined, varying from 74.2 per cent in the age-group under five 
to 100 per cent at thirty years. 

3. From X-ray examination, 8.4 per cent were classified as having man- 
ifest tuberculosis, 29.3 per cent as latent, 62.2 per cent as negative. 

4. The highest percentages of manifest lesions were found in the age- 
groups of 15-19 years (14.2 per cent) and in the group of individuals 
over 60 (16.6 per cent). 

5. The importance of this elderly age-group from the standpoint of 
epidemiology is stressed. 

6. Males show a persistently higher proportion of positive X-rays in 
all age-groups except 50-59. 

7. No important differences in the incidence of tuberculosis can be de- 
tected in household and nonhousehold groups. 

8. Comparison between cases in contact with sputum-positive and 
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sputum-negative cases shows a considerably greater incidence of manifest 
tuberculosis among the sputum-positive group, but no appreciable dif- 
ference as regards latent or negative cases. 

9. Study of the duration of contact emphasizes the importance of short 
periods of contact, the twelve months’ period containing 44 per cent of 
manifest cases. 

10. Living conditions and nativity do not show any appreciable effect 
on the incidence of tuberculosis. 

11. The great danger to children of the family in which the source of 
infection is parental is emphasized. 

12. The incidence of marital infection, as measured by latent and mani- 
fest lesions, is 15 per cent; when only manifest lesions are considered 6 
per cent is found. 

13. The family history was found positive in 49 of the 156 families 
studied. 

14. Histories are found entirely negative in 35 per cent of the manifest 
cases studied. 
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THE PROGNOSIS OF NONCAVERNOUS PHTHISIS 


With Special Reference to the Size and Quality of the Lesions Shown by X-Ray. 
An Analysis of 365 Cases’? 


HARRY LEE BARNES 


Our decision as to whether or not to use collapse therapy in noncavern- 
ous infiltrations depends largely on what results may be obtained by the 
hygienic-dietetic-rest regimen. 

In order to obtain evidence of this point we have reviewed our cases 
since 1919 and selected those whose films showed no definite evidence of 
cavity. While it is appreciated that some cavities are missed by X-ray 
and that many positive-sputum cases may have cavities microscopic in 
size, yet the X-ray has been relied upon as the best available evidence of 
cavity. Films showing, here and there, a circular shadow a few milli- 
metres in diameter were accepted, but films showing a grouping together 
of such shadows into definite honeycombing, were rejected. Three 
hundred and fourteen cases were not given collapse therapy and fifty-one 
were given pneumothorax treatment. Cases given collapse therapy 
were listed separately, as the main object was to determine the prognosis 
in cases not given collapse therapy. Since patients given collapse ther- 
apy were, as a class, more unfavorable than the others, it is probable that 
their exclusion made the results of the 314 cases not given collapse ther- 
apy more favorable than they would have been had these 51 cases been 
included and collapse therapy omitted. 

No cases under twelve years of age were included; nor were any that 
were treated less than 3 months, and the average duration of treatment 
was 10.6 months. 

The amount of rest given may be judged as follows: Patients with 
temperature over 101° with few exceptions were on strict bed-rest. Pa- 
tients with subfebrile temperature were usually allowed to go to the bath- 
room. Bed-patients with normal temperatures were usually allowed to 
go to the ward dining-room in their bathrobes. About 66 per cent of the 


1 From the State Sanatorium, Wallum Lake, Rhode Island. 
2 Read at the annual meeting of the American Sanatorium Association, Toronto, Ontario, 
June 26, 1933. 
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adult population were bed-patients and an additional 14 per cent were 
not allowed to leave the ward. The remaining 20 per cent, whose disease 
was believed to be undergoing arrest, were allowed graduated exercise or 
work. 

Possibly more complete bed-rest would have given better results, al- 
though we know that lesions in many cases continue to spread on strict 
bed-rest. 

The end-results were computed from 1 to 14 years after admission. 
Of 66 cases under 20 years of age, 44 per cent are dead. Between 20 and 


TABLE 1 
Noncavernous phthisis 
End-results according to area of disease shown on X-ray film in square centimetres 


1 YEAR 2 YEARS 3 YEARS 5-14 YEARS 


AREA IN SQ. CM. 


Per cent dead 
Number of cases 
Per cent dead 
Number of cases 
Number dead 
Per cent dead 
Number of cases 
Number dead 
Per cent dead 


Number of cases 
Number dead 


itive-sputum c 


42 
31 
48 


121 


Negative-sputum cases ( 


118 | 2] 2 68 
43} 7 39 26 
32; 6] 19 | 27 18 


193 | 11 | 6 |171 112 | 28 


60 years the death-rate ranged from 20 to 26 per cent. The death-rates 
of men and women were, respectively, 30 and 31 per cent. The death- 
rate was 15 per cent for the Minimal cases; 31 per cent for the Moderately 
Advanced cases and 66 per cent for the Far Advanced cases. 

The diseased areas shown by X-ray in each case were measured as to 
length and breadth and the total amounts recorded in square centimetres. 
In a small minority of cases with scattered lesions, it was estimated how 
large the diseased areas would have been had the disease been of average 
compactness. 


(on admission) 
3 7118] 30] 10 | 33 
3} 9/29] 7] 26] 10}38| 19] 9| 47 
13 | 27 | 42 | 26 | 61 | 37 | 23 | 62 | 35 | 25 | 71 
Total................-.-.{iigg | 19 | 15 |109 | 39 | 35 [100 | 40 | 40 | 84 | 44 | 52 

admission) 
13 | 19 
6 | 23 

} i 
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The end-results, as classified by areas, are shown in table 1. 

The present condition of all the 365 cases is known. Of 121 patients 
who are dead the cause of death could not be ascertained in 5 cases which 
were counted as due to tuberculosis. In 12 cases in which the primary 
cause of death was certified to be other than tuberculosis, the deaths are 
not shown in the mortality tables which record tuberculosis mortality 
only. 

Cases having diseased areas of less than 50 sq. cm. were further divided 
into those having lesions of less than 25 sq. cm. and those having lesions 
between 25 and 50 sq. cm. in area, but those results are not shown here 
because there was very little difference between these classes. If very 
small lesions produce symptoms which bring the patient to the Sana- 
torium, it may indicate a more virulent infection or less resistance of the 
patient. In a few cases lesions of areas less than 25 sq. cm. were more 
dangerous because there were two foci, which though small were widely 
separated. 

Further study showed that, of those having lesions limited to the apex, 
9 out of 11 having positive sputum and 24 out of 25 with negative spu- 
tum are living. 

Of 13 fairly typical infraclavicular infiltrations of the exudative type 
(Assmann) with negative sputum or no sputum, 6 recovered on rest, 5 
developed spreads of cavities or failed to improve and apparently have 
been saved by pneumothorax, one is hopeless, and one dead. 

Of 2 infraclavicular exudative cases with positive sputum, treated by 
rest, one is hopeless and one dead. 

Of 3 infraclavicular infiltrations which had reached the productive 
stage, with negative sputum, all recovered on rest treatment. 

Of 4 having lower-lobe lesions with positive sputum, 2 are dead; and, 
of 3 having lower-lobe lesions with negative sputum, 2 are living and one 
is dead. 

These findings indicate that the low mortality of small infiltrative 
noncavernous lesions is deceptive if judged by one or two year’s observa- 
tion in the Sanatorium. As judged by end-results after 5 years, over 19 
per cent of patients with small infiltrations and negative sputum needed 
something more than the hygienic-dietetic therapy. 

The 314 cases not given collapse therapy were divided as to the type of 
disease into 3 classes; Exudative, Mixed, and Productive, as recom- 
mended by the National Association. 
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A type of X-ray lesion, not well classified under either exudative or 
productive, shows a fairly even distribution over the whole Jung, or a good 
part of it, of flaky shadows, from 2 to 6 mm. in diameter, with interspaces 
of about the same size. The general appearance is that of fine snowflakes. 
The lesions are not like fully developed miliary tubercles, although mili- 
ary disease just beginning to show on the film somewhat resembles it. 
Clinically, the course is not at all like miliary tuberculosis. 


TABLE 2 
Noncavernous phthisis 
End-results according to quality of X-ray lesion 


1 YEAR 2 YEARS 3 YEARS 5-14 YEARS 


Per cent dead 
Number of cases 
Number dead 
Per cent dead 
Number of cases 
Number dead 
Per cent dead 
Number of cases 
Number dead 
Per cent dead 


Number of cases 
Number dead 


sitive-sputum mission) 


68 | 16 51 | 54 
27 21 | 22 
26 12 | 24 


— | 


121 35 |100 


Negative-sputum cases (on admission) 


Exudative lesions 6 9 | 17 
Mixed lesions 3 6 | 10 
2 


11 18 | 10 


Further study of the quality of mottling seen by X-ray showed that, 
of 12 cases with a snowflake type of mottling with positive sputum, 3 
are living and 9 dead. Six of these 12 cases showed clearing, but 3 of 
those which cleared wholly or partially later developed spreads to new 
areas, and died. Of 13 cases with the snowflake type of mottling with 
negative sputum, 8 are living and 5 dead. Six showed clearing and, of 
these, 5 are living. Of the total of 25 cases of the snowflake type, 5 in 
which the flaky shadows disappeared showed, in from 1 to 4 years, large 
mossy infiltrations. Three of these patients are now dead. Of 3 pa- 


Exudative lesions............ 77 
Productive lesions........... 25 
44|11 | 25 | 39 | 15 | 38 
48 9/18} 31 
54} 2] 4|]42] 6] 14 
Ee ee 146 | 22 | 15 |112 | 28 | 25 
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tients with positive sputum showing the fine pinhead type of infiltration, 
over large areas, 2 are dead. 

Of 8 negative sputum cases having a pneumonic consolidation of a 
lobe or large part of a lobe, 5 are dead. Of 7 cases having similar areas 
of consolidation with positive sputum, all are dead. 


RESULTS OF PNEUMOTHORAX TREATMENT 


Of 3 cases with pneumonic areas and positive sputum, not included in 
this series, but cited in contrast because they were promptly treated 
with pneumothorax, 2 are living, after 33 and 23 years respectively. Of 
4 negative-sputum pneumonias treated with pneumothorax, 3 are living 
after 1, 2 and 9 years, and one is dead. Several of these cases had a 
complete collapse of the lung in 3 or 4 months. Possibly the collapse 


TABLE 3 
Exudative lesions 
Treated with pneumothorax 1 to 14 years 


AREA OF DISEASE NUMBER OF CASES NUMBER DEAD PER CENT DEAD 


only follows a clearing of the consolidation which would have occurred 
without pneumothorax. A large percentage of the pneumonias cleared 
more or less on rest treatment, but this clearing usually resulted in only 
temporary improvement for a few months, as there were spreads to pre- 
viously uninvolved areas. The pneumothorax treatment seems to have 
reduced the number having these spreads. 

The high mortality of the exudative lesions suggests a comparison with 
noncavernous exudative cases treated with pneumothorax as shown in 
table 3. 

Of 12 cases with mixed lesions that took pneumothorax, the number of 
deaths was 5, or 41.0 per cent, as compared with 20 per cent in cases not 
receiving pneumothorax treatment. 


Sq. cm. 

13 3 23 

RS 34 6 17.6 
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Of 5 noncavernous cases with predominantly productive lesions treated 
with pneumothorax, 3 are dead. 

In all, 51 noncavernous cases treated with pneumothorax had a death- 
rate of 27.4 per cent against a death-rate of 30 per cent for all those not 
receiving collapse therapy. At first glance this does not seem a very 
favorable showing for pneumothorax treatment. 

The average amount of disease in patients not given collapse therapy 
was 75 sq. cm., while in the pneumothorax cases it was 86 sq. cm. or 16 
per cent greater. The greater seriousness of the cases given pneumo- 
thorax treatment is better shown by the fact that 70 per cent of them had 
tubercle bacilli in the sputum against only 38 per cent in those not given 
pneumothorax. Pneumothorax was not given to those whose disease 
appeared benign clinically. When these facts are taken into considera- 
tion the beneficial effects of pneumothorax are more evident. 


COMMENT 


In reviewing these cases after many years and compiling the list of 
dead, one is forcibly reminded that security was not found in partial 
clearing of the lesions, as many cleared only to spread again; it was not 
found in fibrosis, as densely fibrotic lesions reactivated and spread; and 
it was not found in absence of symptoms, as some patients with spreading 
lesions were symptom-free. 

Until pneumothorax has been tried on all active infiltrative cases one 
cannot say how many lives could be saved by such a policy. 

In the mixed and productive types, too few were treated with pneu- 
mothorax to evaluate the treatment. 

Up to recent years we rarely gave pneumothorax treatment to non- 
cavernous cases and we have only 13 exudative cases observed for 5 
years, of which 4 are dead, a mortality of 31 per cent against a 5-year 
mortality of 59 per cent for all exudative cases not given collapse ther- 
apy. Admitting that these numbers are too small to be reliable and ac- 
cepting them only tentatively for lack of something better, it appears 
that we might have saved 28 in each 100 noncavernous exudative cases 
had they all been given pneumothorax treatment. 

With the mortality from pneumothorax treatment in this institution 
only about 2 per cent and from phrenicectomy less than 1 per cent, the 
withholding of such collapse therapy from these cases cannot be justified. 
This implies that we should have given collapse therapy to 41 in each 
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100 exudative cases that could and did recover without it, in order to 
save 28 that died for lack of it. 

Negative-sputum cases with lesions limited to the apex, obviously not 
very active cases even though they have symptoms, appeared to be about 
the only safe exceptions to this policy in this series of cases. 

Until we can distinguish the patients who will recover from the patients 
who will die, and until we have better treatment to offer, it seems our 
duty to give some form of collapse therapy to all other active cases able 
to take it. 


SUMMARY 


The mortality of noncavernous infiltrations untreated by collapse ther- 
apy after 5 to 14 years was 


Per cent 
Dead 


In areas less than 50 sq. cm 23 
In areas 50-100 sq. cm 33 
In areas over 100 sq. cm 64 
In all lesions of a productive type 17 
In all lesions of a mixed type 

In all lesions of an exudative type 


The mortality after 1 to 14 years was 


In negative-sputum apical cases 

In positive-sputum apical cases 

In negative-sputum basal cases 

In positive-sputum basal cases 

In negative-sputum pneumonias 

In positive-sputum pneumonias 

In negative-sputum snowflake-type of mottling cases 
In positive-sputum snowflake-type of mottling cases 


I am indebted to my wife, Lena R. P. Barnes, for much help in the preparation of the 
statistical tables. 


Per cent 
Dead 
18 


THE VACCINATING PROPERTY OF DISSOCIATED HEAT- 
KILLED S TUBERCLE BACILLI 
A Comparison with That of BCG and Living Human Tubercle Bacilii in the 
Rabbit!” 


W. B. SOPER, L. K. ALPERT anp M. J. ADAMS 


INTRODUCTION 


Attempts at vaccination of man and animals against tuberculosis in- 
clude many investigations in which heat-killed tubercle bacilli have been 
employed. In general the results have been unsatisfactory or contra- 
dictory, and most investigators have discarded this form of vaccination 
as producing a protection too slight or too transitory. 

During the long period when skin hypersensitiveness was so widely 
regarded as necessary for immunity there was disagreement as to whether 
allergy could be produced by heat-killed bacilli. Babes and Proca were 
apparently the first to record a systemic tuberculin reaction in animals 
sensitized with heat-killed tubercle bacilli. Trudeau, Baldwin, and King- 
horn (1) confirmed this finding. Following the introduction of the intra- 
cutaneous test, Roemer (2) reported obtaining a positive skin reaction in 
a few animals following the injection of dead bacilli. Baldwin (3) re- 
ported similar results in a small series of animals. Bessau (4) in 1925 
concluded that skin hypersensitiveness was produced in guinea pigs by 
the injection of heat-killed bacilli and that it differed in no way from that 
produced by living bacilli. 

Others, including Selter (5), Dold (6), and Uhlenhuth (7), maintained 
that hypersensitiveness could not be so produced, although Dold later 
granted that hypersensitiveness was at times brought about, but without 
any immunity. Boquet and Negre (8) in 1923 reported that in rabbits 
the intravenous injection of 20 mgm. of heat-killed bacilli produced only 
a general tuberculin reaction which disappeared after about ninety days. 

Many investigations were carried out to test the actual vaccinating 
strength of heat-killed bacilli. Prudden and Hodenpyl (9) demonstrated 

1 From the William Wirt Winchester Hospital], West Haven, Connecticut, and the Depart- 
ments of Pathology and Medicine, Yale School of Medicine, New Haven, Connecticut. 


? Presented at a session of the Pathological Section at the twenty-ninth annual meeting 
of the National Tuberculosis Association, Toronto, Ontario, June 28, 1933. 
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that the cellular structure of the tubercle produced by heat-killed bacilli 
is the same as that produced by living bacilli. Straus (10) and Dembinski 
(10) had somewhat favorable but not very convincing results, whereas 
Trudeau, Selter and Geschke (11), Dold (12), Theobald Smith (13), Cal- 
mette (14), and Uhlenhuth, among others, satisfied themselves that the 
protection conferred by heat-killed bacilli was neither sufficiently strong 
nor lasting. 

But there were dissenters from the common opinion. Nathan Raw 
(15) was probably the first to use heat-killed bacilli for the vaccination of 
children, his first report being in 1921. Langer (16) in 1924, using a 
suspension of heat-killed young bacilli, vaccinated a few children and 
observed the development of skin hypersensitiveness. Fedders (17) had 
the same experience. More recently, Zadek and Meyer (18) reported 
favorable results with 34 infants from 1 to 13 years of age, vaccinated 
with Langer’s vaccine and observed for five years. The reports of value 
of these vaccines were not sufficiently convincing to attract any large 
following. 

It is quite evident then that views as to the capacity of heat-killed 
bacilli to produce either skin hypersensitiveness or a satisfactory degree 
of immunity have been conflicting. The mass of evidence was against 
this form of vaccination. However, as one studies the doses of super- 
infecting organisms employed in the earlier experimental work, their 
quantity would appear to have been often so massive as to overwhelm a 
degree of protection possibly ample against the infection a child or animal 
might encounter. 

In 1921 Petroff began a series of studies of the heat-killed bacillus and 
with several collaborators (19) has continued them to the present time. 
With Zinsser first, and later with others, he satisfied himself as to the 
production of skin hypersensitiveness. Practically none was elicited 
in guinea pigs by the injection of heat-killed bacilli by the intracardiac, 
intranasal, and intraconjunctival routes, nor by feeding nor by inhalation. 
On the other hand, by injection into the peritoneum and testis, hyper- 
sensitiveness of the skin was almost uniformly produced, and the phe- 
nomenon of Koch, the intratesticular reaction of Long, and the pleural 
reaction of Paterson were elicited. It was further demonstrated that the 
skin hypersensitiveness was less transitory than generally believed, in 
that it persisted at times as long as five hundred days. The most favor- 
able dose was found to be 7.5.mgm. intraperitoneally on three occasions, 
four days apart. 
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On the theory that the apparent lack of satisfactory protection, as 
generally reported, might have its cause in an overwhelming superinfect- 
ing test dosage, superinfecting doses of known content were employed 
(bacilli counted by the method of Jennings) (20). The vaccinated ani- 
mals outlived the controls and showed markedly less pathological in- 
volvement. It was found that vaccinated guinea pigs infected in groups 
with 440, 4,400 and 44,000 bacilli, respectively, showed a distinct relative 
protection compared with the nonvaccinated controls. The vaccinated 
guinea pigs injected with 44,000 bacilli were found to outlive the non- 
vaccinated controls injected with only 440 bacilli. 

In 1929, Petroff and Steenken (21) reported studies to show that in 
cultures of tubercle bacilli there are two or more type variants: that the 
type of colony depends largely on the reaction of the medium. It was 
hypothesized that the two main types, ‘“‘R” and “‘S’’, would possess 
different antigenic properties and it was suggested that the discrepancies 
reported on the degree of immunity obtained with dead tubercle bacilli 
might be explained on the basis of the phenomenon of microbic dissocia- 
tion. 

More recent work from the Trudeau Sanatorium Laboratory has been 
along the line of determining what difference there may be in the anti- 
genic properties of the two variants, R and S, when killed by heat. In 
June, 1932 (22), there was published a study on the resistance of chickens 
sensitized with heat-killed avian tubercle bacilli. It was found that the 
heat-killed R variant produced a greater hypersensitiveness, whereas 
the heat-killed S variant, on the other hand, brought about a greater 
degree of protection against a subsequent reinfection with living virulent 
avian bacilli. The experiment suggested the possibility of vaccinating 
fowls against avian tuberculosis. 

The most recent study, one by Winn and Petroff (23), describes four 
variants from an avian bacillus, AJ, and indicates that they produce, 
when injected into the ear-wattle, quite different pathological responses 
in the organs. The S variant proved by far the most virulent, the R 
being comparatively avirulent. 

Meanwhile, since the introduction in 1921 of the Bacillus Calmette 
Guérin (BCG) for the vaccination of man and animals, interest in other 
forms of vaccination has lapsed and investigators and clinicians have 
concentrated their efforts upon the BCG. Already there have been 
vaccinated approximately one million infants and children. The pre- 
ponderating opinion is to the effect that the virus is fixed, as claimed by 
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Calmette, and that it produces a satisfactory degree of protection. There 
is only a negligible number of instances of harm having possibly been 
done. The opponents of the BCG contend that no living tubercle bacillus 
can be assumed to be immutable and that, therefore, time alone will settle 
the question of the fixity of its aviruleuce in the human host. 

Without entering into this controversy in any way, it seems evident 
that the search should be continued for an effective vaccine devoid of 
even a remote potential for harm. vq: 

The following investigation was undertaken some time before the 
publication of the suggestive avian bacillus experiences of Petroff and his 
coworkers. Already there was evidence to show, in the case of such 
microérganisms as had been dissociated, that the S, or virulent variant, 
possesses greater antigenic properties in general than does the R. It 
became of interest, therefore, to try to determine whether the S variant 
of the tubercle bacillus, dissociated by the method of Petroff and killed 
by heat, possesses special vaccinating powers. ‘This conception was 
already at work in the minds of Petroff and those associated with him 
in the work of dissociation at the Trudeau Laboratory. 

To estimate the protection conferred by the heat-killed S bacillus, it 
was decided to measure it against the two vaccines with which the most 
experimental work has been done; namely, living tubercle bacilli and 
BCG. The rabbit was chosen as the animal and the intrameningeal route 
of virulent superinfection selected because one of us had already con- 
siderable experience with the effects of various doses of virulent bovine 
bacilli, B1, injected into the subarachnoid space of this animal (24) (25). 

Because it was felt that the element of snuffles (Pasteurella lepiseptica), 
so common in rabbits, would have to be eliminated to make reliable 
any observations on this animal, the rabbits were specially bred, to the 
end that there should be no question as to the presence of this disease and 
its possible effect on the vaccination or the course of the tuberculosis 
produced. 


BREEDING AND APPORTIONMENT OF RABBITS 


The rabbits were bred by one of us expressly for this experiment and 
were personally tended by him throughout their lives. Therefore, the 
age and pedigree of every animal were known. The freedom of the first 
stock (6 rabbits) from the Pasturella lepiseptica was determined by re- 
peated cultures, according to the method of Webster (26). Throughout 
the experiment all of the animals were kept in three roomy huts, each 
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building having one sheltered side open to the weather. The larger 
rabbits were kept singly in cages; the smaller two or three to a cage, and 
of the same vaccination group and sex. There were no other laboratory 
animals anywhere about and no new stock was ever introduced. Care- 
ful watch was kept for snuffles, and cultures of all the rabbits made in 
November, 1930, and in April, 1931. The disease was never found and 
there was no evidence of it whatever in any rabbit at autopsy. 

When the experiment began there were 69 rabbits of all ages. Several 
litters were intact. The animals were divided into four groups. Special 
care was taken that each should, as far as possible, comprise rabbits of 
the same age and size and have the same proportion of males and females. 
The several members of any one litter were apportioned to the different 
groups. No one attending the animals had tuberculosis. 

Very early in the experiment 9 animals died of causes other than 
tuberculosis; five were killed by a dog in March, 1931; one died of an 
incarcerated hernia; one died as a result of etherization at the time of 
intrameningeal injection; and two of the smallest rabbits died before 
intrameningeal infection. One animal was stolen. The remaining 59 
animals were carried through the experiment and make up the material 
for the study. 

The four sets of animals were designated as follows: L. H. group, to be 
protected with living human bacilli; BCG group, to be protected with 
BCG; H. K. group, to be protected with heat-killed bacilli; and control 
group, to be given no protective vaccination. 

The number, weight and age of the rabbits in the respective groups 
were as follows: 


November 14, 1930 November 14, 1930 
NUMBER OF WEIGHT IN GRAMS AGE IN MONTHS 
RABBITS 


High Low Average i Average 


13 4,310 910 2,760 : 12.7 
19 4,310 1,360 2,530 11.0 
17 4,080 1,360 2,470 11.3 
10 3,630 910 2,500 12.4 


TECHNIQUE OF VACCINATION 


The living human bacillus employed was the Saranac Laboratory 
strain, H37. The BCG vaccine was obtained through the courtesy of 
Dr. William H. Park of New York City, who suggested one subcutaneous 
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dose of 1.5mgm. The heat-killed bacilli were of S colonies of the bovine 
strain B1 of the Saranac Laboratory, dissociated by Dr. S. A. Petroff, and 
obtained through the latter’s courtesy. They had been killed by heating 
one hour at 100°C., and suspended in physiological saline solution. As 
a check upon the effectiveness of the heating process, two guinea pigs were 
injected subcutaneously in the right groin on November 14, 1930, each 
with 1.5 mgm. of the emulsion from one of the two ampoules containing 
the whole of the heat-killed bacilli. On November 24, 1930, the same 
guinea pigs were injected each with 1.5 mgm. subcutaneously in the left 
groin with bacilli from the second ampoule. On July 1, 1931, both guinea 
pigs were in excellent condition. During that month one was lost as 
the result of an accident in the animal room. The second one was finally 
killed and autopsied on November 12, 1931. It was apparently in per- 
fect health and showed no evidence whatever of tuberculosis. 


The rabbits were vaccinated as follows: 


Living Human-Bacilli Group: On November 25, 1930, the 13 rabbits were 
injected subcutaneously in the right groin, each with 1 mgm. of H37 bacilli, 
dried between blotting papers and suspended in physiological saline solution. 
This culture had been transferred to synthetic media on October 14, 1930, and 
on October 30th had been transferred to glycerine-agar. 
BCG Group: On November 21, 1930, the 19 rabbits were injected subcutane- 
ously in the right groin, each with 1.5 mgm. of the emulsion of BCG received 
in ampoules from Dr. Park. 
Heat-Killed Bovine Bacilli (S Colonies): At the suggestion of Dr. Petroff, the 
17 rabbits were injected, not subcutaneously but intramuscularly, and on three 
occasions instead of one: 

November 14, 1930: 1.5 mgm. intramuscularly, right thigh. 

November 18, 1930: 1.5 mgm. intramuscularly, left thigh. 

November 24, 1930: 1.5 mgm. intramuscularly, right thigh. 
On January 6, 1931, when all of the animals were injected intrameningeally 
on the same day, the following periods had elapsed from the time of the vaccina- 
tion: Living human group 42 days; BCG group 46 days; heat-killed bovine 
group 43 days. 


TECHNIQUE OF INOCULATION OF VIRULENT BACILLI INTO THE MENINGES 


For the intrameningeal injection the virulent B1, Saranac Laboratory 
strain, was employed. A dosage was desired of about the strength to 
kill the controls within not less than fifty days and not more than one 
hundred days. On the basis of two previous experiments with the B1 
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strain intrameningeally in rabbits, an infecting dose of approximately 800 
bacilli seemed best. A suspension was prepared on the basis of Calmette’s 
estimate that 1 mgm. of culture, weighed in the fresh state, contains an 
average of 40 million bacilli. Fifteen milligrams of a 42-day-old culture of 
Bi were dried between sterile blotting papers, emulsified with two drops 
of egg-yolk, and taken up with 10 cc. of physiological saline solution. 
From this suspension a dilution was made with sterile distilled water, 
whereby the injection quantity of 0.2 cc. contained about 800 bacilli. 
Experience had already taught that 0.2 cc. of fluid can be readily injected 
into the cisterna of the rabbit after the method of Wegeforth, Ayer and 
Essick (27). The location of the needle-point in the cisterna was indi- 
cated by the withdrawal of 0.1 to 0.2 cc. of cerebrospinal fluid. 

That there might be a minimum of alteration in the suspension of B1 
bacilli, all of the animals were injected intrameningeally on the same day, 
January 6, 1931, with the suspension prepared that morning. The sus- 
pension was kept from the light as much as possible and retriturated 
before each inoculation. The animals were injected in sets of four, one 
rabbit from each group, so that any change in the suspension should 
affect all groups equally. No difficulty was experienced except the death 
of one rabbit from the effects of ether narcosis. 


SUMMARY OF PROTOCOLS 


The protocols have been summarized to save space. As the animals 
died during the experiment, they were autopsied and the material studied 
at the Department of Pathology of the Yale School of Medicine. 

On May 13, 1932, 494 days after the intrameningeal injections, there 
were 19 animals still surviving and apparently healthy. They were 
killed then with chloroform and autopsied to terminate the experiment. 

The results of the pathological study follow the protocol summary. 
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Living human group 


e| 2228 |] #8 a5 
gm. | gm. 
65| Fem. | 9.2/2270|1800| 93) x} Moderate| None Moderate] None Appendix 
71 | Fem. 0} Slight Marked | Marked | None None 
67| Fem. | 8.0)2160/1500/148) x| Marked | Slight Marked | Moderate} None 
69 | Male Marked | Slight None None Appendix 
63 | Fem. | 5.6/1810/1400)152) x} Marked | Moderate] Marked | Marked | None 
70| Male |19.2/2720)1850/192) x} None None None None None 
76| Male | 9.2/2500|1800|212) 0} Slight Slight Slight None None 
62} Fem. {16.2/4080/2050/250; 0} Moderate} None Moderate} None Lungs 
61 | Male 0| Moderate} Marked | Moderate] None Lungs, 
liver, 
kidney, 
appen- 
dix 
Remainder chloroformed and autopsied to end experiment 
64] Fem. {18.2/2720/2660/494) 0) None None None None None 
73| Fem. |24.0/4310)3180/494) 0} Slight Marked | Moderate} None None 
74| Male | 4.0) 910)2320/494! 0] None None None None None 
0 None None None 


* 
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BCG group 
Be | 3} a2 Hz 
» #8 | 228 | 
gm. 
Male /|19.0 x| Marked | Slight Marked | None None 
Male | 8.2 x| Marked | Marked | Marked | Marked None 
Fem. |24.0 x| Marked | Marked | Marked | Moderate | None 
Fem 6.0 x| Marked | Marked | Marked | None None 
Fem 5.6 0} Marked | Moderate} Marked | None None 
Fem. {16.2 0} Slight None Slight Slight None 
Fem 8.0 x} None None None None None 
Fem. | 4.0 x| Marked | Moderate] Marked | Slight None 
Fem. |24.0 0} Slight Marked | Slight Slight Lungs, 
spleen, 
liver, 
kidney 
44} Male | 9.2 0| Moderate] Marked | Marked | Marked None 
45| Fem. |24.0/4080 0} Moderate} Marked | Moderate} None Lungs, 
spleen, 
liver, 
kidney 
Fem. /|18.2 0} None None None None None 
Male | 4.0 0} Slight None None None Lungs, 
kidney, 
appen- 
dix 
Fem, |24.0/2270 x| Moderate} Marked | Marked | None None 
Remainder chloroformed and autopsied to end experiment 
Fem. | 8.2/22 0} Moderate} Slight Marked | Moderate | None 
Fem. | 9.4/27 0} Moderate} Moderate} Marked | Slight None 
Male |16.2}: 0} None Slight None None None 
Fem. | 9.2 0} Moderate} Marked | Marked | None None 
Male | 7.8)/2040 0} Slight None None None Lung, 
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Heat-killed group 


VACCINATION 
WEIGHT AT VACCI- 
NATION 
MENINGES AND 
MENINGEAL 
BLOOD-VESSELS 
REACTION IN 
PARENCHYMAL 
BLOOD-VESSELS 
EPENDYMAL REAC- 
TION 
TUBERCULOSIS IN 


REACTION IN 


AGE (MONTHS) AT 
| DAYS OF SURVIVAL 


| RABBIT NUMBER 


a | WEIGHT AT DEATH 


3 


Marked 

spinal; 
slight | 

cere- 
bral 

Marked 
in 
cord; 
slight 
in 
brain 


Marked 
spinal; 
slight 
cere- 
bral 

Marked 
over 
cord 


i) 
w 
i) 
~ 


Marked 


None 


Marked 
Moderate 


Slight 


Moderate 
Marked 
Moderate 


None 


Marked 
Marked 
Marked 


Slight 
liver 

None 

Lungs 


Lung, 
lymph 
node, ap- 
pendix 

Lungs, 

spleen, 
kidney, 
lymph 
nodes 

Lungs 


Moderate 


Choroid 
tubercle 


Moderate 


None None None 


16.2/2720/1750/476| 0} None 


Remainder chloroformed and autopsied to end experiment 


0 


Appendix 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
Slight 
None 
None 
None 
Marked 
hydro- 
cephalus| 


None 
Slight 
Slight 
Slight 
Marked 
None 
Marked 
None 
Marked 


Nore 
None 
Slight 
None 
Moderate 
None 
Marked 
None 
Marked 


None 
None 
None 
None 
Moderate 
None 
Moderate 
None 
Marked 


494 
494 
494 
494 
494 
494 
494 
494 
494 


3180 
2890 
2500 
2950 
2610 
2160 
2950 
2660 
3570 


2270 
1810 
2500 
1360 
2720 
2720 
3180 
3180 
.0/4080 


0 
0 
0 
0 
0 
0 
0 
0 
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g 
5 
x | Marked | Slight Spleen, 
appen- 
dix 
Fem. | 5.6)1810)1200)109) x None None 
Male /|18.0 144) x} None 
99} Fem. | 8.0/1810)1650/195| x None 
16} Male | 0 None 
Male | 8.2/2270)1900/435) 0) Slight 
5] Male | 9.2/2270|2040/442! 0} Moderate| Marked 
1| Male 
7| Fem. | 9 | | 
11} Male | 9 
18| Male | 9 
Fem. | 4 
21} Fem. /|19 
25| Fem. 
98; Fem. | 9 
17| Male 
24| Fem. [24 
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Control group 


2882 | ge | | § 
| #8 | S28 | 
gm. | gm 
88 | Fem. 63) x} Marked | Moderate} Moderate} None Lungs 
80} Fem. | 9.2/2720/1750| 71) xj Marked | Moderate} Moderate} None Appendix 
90| Fem. [16.3/2720|2425| 71| x} Marked | Moderate] Moderate} None None 
86| Fem. |24.0/3630/2150| 77| xj Marked | Marked | Marked | None | None 
89} Fem. {19.2/2720)2150) 90} x} Marked | Marked | Moderate} None None 
82 | Male | x} Marked | Marked | Slight None None 
91| Fem. | 4.0) 910/1400)117| x} Marked | Moderate] Marked | None None 
81| Fem. | 9.2)2270)1800/212| 0} Marked | None None None None 
85] Fem. | 9.2/2720)1225/238) x} Slight Marked | None None Lungs, 
liver, 
spleen, 
kidney 


Remainder chloroformed and autopsied to end experiment 


None 


87| Fem. |17.2|2720|3000|494| o| None None |None | None 


PATHOLOGY 


At necropsy each brain was cut into three to six frontal sections, and 
from each animal spinal-cord blocks at different levels were taken for 
microscopic examination. The staining was by the original Nissl (tolui- 
din-blue) technique. The viscera in each animal were carefully ex- 
amined and any portions suggesting tuberculosis were cut and stained a 
with haematoxylin and eosin. 


Findings 
Control Group: Of the 10 rabbits in this group, nine showed evidence 

of advanced tuberculous meningitis. These may be divided into two : 

groups: (A) seven animals (nos. 80, 82, 86, 88, 89, 90 and 91) which had 

a relatively short survival period, between 63 and 117 days. They 

showed a diffuse, severe reaction, predominantly proliferative in char- 

acter, over all parts of the brain and spinal cord. (B) two rabbits (nos. 

81 and 85) which survived much longer, 212 and 238 days, respectively. 

These showed extensive, well-localized lesions: in the first animal a large 

tuberculoma in the parietal meninges; in the second, complete necrosis 

of both olfactory lobes with a narrow rim of “epithelioid” cells and lym- 
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phocytes at the periphery. Animal 87 showed no reaction whatever. 
Three rabbits (nos. 80, 85 and 88) showed visceral tuberculosis. 

Heat-Killed Group: Marked tuberculous meningitis was present in 9 
animals (nos. 4, 5, 8, 16, 21, 23, 24, 98 and 99). Evidence of slight tuber- 
culosis in the central nervous system was seen in four (nos. 9, 11, 18 and 
20). No reaction whatever could be found in the brain and spinal cord 
of 4 animals (nos. 1, 7, 17 and 25). Visceral tuberculosis was present in 
7 rabbits (nos. 1, 5, 7, 8, 9, 16 and 23). 

BCG Group: Thirteen rabbits (nos. 32, 33, 34, 35, 44, 45, 46, 47, 48, 
50, 51, 54 and 57) showed well-marked tuberculous meningitis. Four 
(nos. 37, 40, 41 and 42) showed slight evidence of tuberculosis of the 
central nervous system. No reaction could be found in the brains of 
two (nos. 49 and 55). One of these two animals (no. 55) had paralysis 
of the hind-quarters clinically, but the spinal cord unfortunately was lost. 
Hence no anatomical confirmation of the clinical findings in this animal 
could be made. Visceral tuberculosis was present in 4 animals (nos. 40, 
42, 45 and 48). 

Living Human Group: Advanced tuberculous meningitis was seen in 
8 rabbits (nos. 61, 62, 63, 65, 67, 71 and 73). Animal 76 showed a slight 
reaction. No lesions could be found in the central nervous system in 
four (nos. 64, 66, 70 and 74). Animal 70 showed a hind-quarter paralysis 
during life, but the spinal cord, together with that of the rabbit men- 
tioned in the BCG group, was lost. Visceral tuberculosis was present in 
5 animals (nos. 61, 62, 65, 66 and 69). 

A detailed discussion of the anatomical changes in these animals, 
although of considerable interest to the pathologist, is not within the 
purpose of this paper. We shall confine ourselves to those changes which 
relate to the interpretation and analysis of the experimental results. In 
the Summary of Protocols the reactions are described anatomically under 
four divisions. These correspond to the parts of the central nervous 
system in which the tuberculous reactions manifested themselves. 


Analysis 


The pathological findings presented in the protocol summary and the 
table reveal several interesting facts. First, many of the animals killed 
at the conclusion of the experiment still showed various degrees of 
reaction to the tuberculous infection. In the heat-killed group, rabbits 
11, 18 and 20 showed but few changes, consisting of occasional perivascu- 
lar reactions or small intramural tubercles. Animals 21, 24 and 98 
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showed marked tuberculous meningitis.from which they probably would 
have succumbed at some later date. In the BCG group animals 40 and 
41 showed scattered lymphocytes in the meninges and a single small 
parenchymal lesion, respectively, while animals 34, 35 and 57 showed 
moderately advanced lesions implicating all parts of the central nervous 
system. In the living human group, rabbit 73 showed appreciable 
reaction. 

Second, several of the animals which showed minimal lesions in the 
nervous system had well-marked visceral tuberculosis. Such are rabbits 
1 and 7 in the heat-killed group, 40 and 42 in the BCG group, and 66 in the 
living human group. Rabbit 9 in the heat-killed group had a single 
small lesion in the liver. 

Third, one animal, no. 87 in the control group, showed no tuberculous 
reaction anywhere in the body. 

It is apparent that, in order to determine the relative degrees of resist- 
ance to tuberculous infection in the different groups of animals by quan- 
titative estimation of the severity of the reactions, the following factors 
must be taken into account: First, each group of animals must be con- 
sidered as a whole, since those animals which, on being killed at the end 
of the experiment, revealed marked pathological change, must be regarded 
as having only relatively good protection. Second, the presence of 
active tuberculous lesions in the viscera of the animals which showed no 
meningitis must be similarly considered as indicating susceptibility to 
infection. 

The analysis proceeds along three lines: to discover, first, the number 
of animals in each group which showed no reaction anywhere, indicating 
absolute immunity as far as can be determined; second, those animals 
which revealed slight reactions in the central nervous system or viscera 
or both, indicating relatively high immunity; third, those that exhibited 
well advanced lesions, showing, therefore, little protection. (At this 
point may be mentioned again the two rabbits described above, no. 55 
in the BCG group and no. 70 in the living human group, which developed 
hind-quarters paralysis. On this basis they are placed in the third cate- 
gory.) 

In the first category can be placed two animals from the heat-killed 
group, nos. 17 and 25; one from the BCG group, no. 49; and two from the 
living human group, nos. 64 and 74. In the second class, of relatively 
high protection, are four from the heat-killed group, nos. 9, 11, 18 and 20; 
two from the BCG group, nos. 37 and 41; and one from the living human 
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group, no. 76. In the third group, of low protection, are 11 rabbits from 
the heat-killed group, sixteen from the BCG group, and ten from the 
living human group. To arrive at a final estimate of the protective value 
of the agents employed in the experiment, the numbers of animals show- 
ing either no tuberculosis or slight pathological involvement may be com- 
bined. The figures are summarized in the following table: 


NO SLIGHT COMBINED MARKED 


— TUBERCULOSIS TUBERCULOSIS TOTAL TUBERCULOSIS 


17 2 4 6 11 
19 1 2 3 16 
Living human....... 13 2 1 3 10 
Control 10 1 0 i 9 


DISCUSSION 


Although too many animals survived the experiment to make sig- 
nificant the comparative survival periods of the different groups, it 
should be noted that those protected by heat-killed bacilli stood above 
the other groups in this respect. The average survival period in the 
groups vaccinated with heat-killed S bacilli was 280 days; with BCG, 246 
days; with living human bacilli, 187 days; and of the control group (not 
vaccinated), 116 days. More striking was the disparity in the number 
of animals by groups remaining alive and apparently healthy after 494 
days, when all of the surviving rabbits were killed to end the experiment. 
The survivors numbered: heat-killed S group, 9 animals or 53 per cent; 
BCG group, 5 animals or 26 per cent; living human group, 4 animals or 
31 per cent; control group, one animal or 10 per cent. All of the deaths 
of the nonsurvivors were from tuberculosis directly or indirectly and not 
from intercurrent infection. 

From the pathological viewpoint the protection conferred by the heat- 
killed S bacilli appeared also to be measurably greater, as the analysis of 
the pathological findings indicates. 

The results of this investigation were definitely unexpected. It was 
rather supposed that the BCG would produce a degree of protection not 
unlike that of the living human bacillus. But we were surprised that 
the animals vaccinated with the heat-killed bacilli should apparently 
show so much resistance;—indeed rather definitely more than those 
vaccinated with either type of living organism. 

To the best of our knowledge there have been no attempts thus far, 
with the exception of Petroff’s recent work with the avian bacillus, to 
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determine experimentally whether the so-called S or more virulent tuber- 
cle bacilli possess a vaccinating capacity different from that of the disso- 
ciated R bacilli. An earlier experiment of one of us (25), in which rabbits 
were vaccinated subcutaneously with living human bacilli and heat-killed 
undissociated bacilli against a small dose of virulent B1 intrameningeally, 
merely confirmed the general opinion that heat-killed undissociated 
tubercle bacilli produce a certain degree of protection, but definitely 
less than that produced by the living organisms. 

In seeking an explanation of the surprising outcome of the present 
investigation, one would presume that it lies in a greater inherent vaccinat- 
ing potential in the S bacilli, although the manner of vaccinating with 
three doses intramuscularly may be a contributing factor. Also there 
may be a specific property in the vaccinating S variant of the B1 as 
against the virulent B1 of superinfection. Certainly our results require 
confirmation by others and with different animal species. Their import 
is of considerable interest. 

The experiment shows nothing as to the duration of the protection 
conferred by the heat-killed bacilli. It has been generally accepted that 
the antigenic action of dead bacilli is of relatively short duration; and that 
the organisms not multiplying are soon removed from the body as foreign 
material. This view is probably correct, although Petroff in 1924 showed 
that in guinea pigs hypersensitiveness may persist to 500 days after the 
injection of undissociated heat-killed bacilli. The general view at that 
time, that an absence of hypersensitiveness is tantamount to an absence 
of immunity, has undergone considerable change. Further work is 
necessary to determine whether heat-killed S bacilli produce a more last- 
ing hypersensitiveness than the heat-killed undissociated bacilli and 
whether the immunity conferred disappears with the loss of hypersensi- 
tiveness. 

The animals used merit comment. So far as we know there have been 
no previous immunity experiments with rabbits in which the element of 
snuffles was definitely ruled out. Furthermore, the fact that all of the 
animals came from six common ancestors, and that the groups were so 
similar as to age, weight, and litter, should reduce to a minimum the 
factor of varying natural resistance. 

A point of interest was the apparent lack of effect of age on the sus- 
ceptibility of the rabbits. It is rather generally accepted that younger 
animals are more susceptible to tuberculosis than are the older. The 
youngest rabbits, of which there were four with one in each group, sur- 
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vived well, two of them being in the number ultimately killed after 494 
days. Throughqut the different sets of animals, age seems to have had 
no discernible influence on susceptibility. 


SUMMARY 


There is described an investigation to determine whether the heat- 
killed S variant of the bovine tubercle bacillus (dissociated by the method 
of Petroff) possesses for the rabbit a vaccinating capacity greater than 
the relatively unsatisfactory one possessed by the heat-killed undisso- 
ciated bacillus. To this end it was tested against two living-bacillus 
vaccines: the living human bacillus and the BCG. 

Specially raised snuffles-free rabbits were vaccinated with living hu- 
man tubercle bacilli (H37), BCG, and heat-killed S bacilli. Six weeks 
later all of the animals were superinfected with the same small dose of 
virulent bovine bacilli (B1) intrameningeally. 

The animals vaccinated with heat-killed S tubercle bacilli appeared the 
best protected, as judged by both survival and autopsy findings. The 
animals vaccinated with living human bacilli and BCG were about equally 
protected. 

The results suggest that the heat-killed S variant possesses greater 
antigenic properties than does the heat-killed undissociated bacillus and 
offers vaccinating possibilities which merit further study. 
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THE DIFFERENTIAL DIAGNOSIS OF INTESTINAL 
TUBERCULOSIS"? 


HARRY GAUSS, I. SINGERMAN anp LOUISA T. BLACK 


In considering the problem of intestinal tuberculosis, we are immedi- 
ately confronted with an apparent contradiction. On the one hand are 
men like Brown and Sampson, Schwatt, Weigert and others, who quote 
autopsy statistics to prove that intestinal tuberculosis occurs in 50 to 80 
per cent of all cases of pulmonary tuberculosis, and on the other hand is 
common human experience which looks askance at such extravagant 
figures. The general practitioner sees only a rare case of intestinal 
tuberculosis, although he may encounter hundreds of cases of the pulmo- 
nary variety. The gastroenterologist sees only an occasional case al- 
though his very work is concerned with intestinal’problems, while it is 
only in sanatoria which concentrate tuberculosis that.one encounters 
any appreciable amount of the intestinal variety, and then hardly in any 
such incidence as 80 per cent, or even in 50 per cent of all patients exam- 
ined clinically. 

This apparent contradiction is no more confusing than the first shock 
that comes to the student when he tries to correlate the autopsy statistics 
of Naegeli, Opie, and others in the matter of the incidence of general tu- 
berculosis with his personal experience. For Naegeli, Opie and others 
have proved by autopsy studies that 96 per cent of all adults over 18 years 
of age have or have had tuberculosis; yet when the perplexed student 
looks about and sees the vast majority of people in apparently good 
health, and certainly not suffering from the ravages of tuberculosis, it is 
not surprising that he finds the subject confusing. 

Now obviously there can be no true contradiction in science in spite of 
first impressions; so the student feels greatly relieved when he finds that 
Naegeli and Opie have been talking about tuberculous infection while he 
has been thinking about tuberculous disease; that Naegeli and Opie have 
been talking about anatomical alterations in the body which represent 
largely contact with the disease and which existed with or without symp- 


1 Read before the Denver Sanatorium Association, Denver, Colorado, November 22, 1932. 
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toms, whereas the student has been thinking of a symptom-complex based 
on a definite morbid process and manifested by cough, fever, loss of 
weight, etc. So the student learns that his own observation that the 
vast majority of people enjoy good health and do not suffer from the 
ravages of phthisis is confirmed by Armstrong, who reports (in the Fram- 
ingham Demonstration) that only one person out of every hundred has 
active tuberculosis while one more has the arrested form; while Naegeli 
and Opie’s statistics hold true in the dead-house. 

Some such differentiations will have to be made between the high in- 
cidence reported by pathologists in the matter of intestinal tuberculosis 
and the considerably lower incidence encountered in clinical experience. 

Even at the Trudeau Sanatorium, where diligent search has been made 
for several years for clinical evidence of intestinal tuberculosis, a study of 
1,801 cases showed that 148, or only 8 per cent, were positive, yet these 
same observers tell us that autopsies prove that 50 to 80 per cent of pa- 
tients with pulmonary tuberculosis also have intestinal tuberculosis. 

It becomes evident that the pathologist and statistician are talking 
about anatomical alterations which so frequently are terminal manifesta- 
tions of the disease, while the clinician is talking about a symptom-com- 
plex that produces morbidity, and that these two conditions must be 
differentiated. 


It is with the symptom-complex that this paper is concerned. We are 
discussing that phase of intestinal tuberculosis which produces morbidity. 
Our interest in this subject goes back several years when we began a study 
of all gastrointestinal problems presented by the patients at the National 
Jewish Hospital. Our observations are based on an analysis of the his- 
tory, physical examinations, laboratory findings, and especially the 
roentgenological evidence of 125 such cases. 

Early in our series we encountered several patients who had been diag- 
nosed as having intestinal tuberculosis in other sanatoria and in whom we 
were unable to find evidence to justify this diagnosis, and in whom 
subsequent response to therapy for nontuberculous states likewise chal- 
lenged the diagnosis; so we realized that the differential diagnosis is at 
times perplexing. 

It would be fortunate if there was a pathognomonic sign for intestinal 
tuberculosis, but unfortunately there is none. Even the presence of tu- 
bercle bacilli in the gastrointestinal tract does not indicate an intestinal 
tuberculosis, since the bacilli may be swallowed organisms. Nussel in 
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1923 showed that tubercle bacilli were found in 110 patients out of a series 
of 120, only six of whom had intestinal tuberculosis. 

In considering the direct diagnosis of intestinal tuberculosis, let us 
bear in mind that the underlying pathology is an ulcerative enterocolitis; 
and that the physiological response to ulcerative enterocolitis is increased 
irritability of the small and large bowel, and that increased irritability is 
manifested by hypermotility; hence diarrhoea becomes an important 
symptom which is characterized by an increased number of stools per day 
that are soft and unformed, often liquid, and which may contain blood, 
pus or mucus. 

With ulceration of the intestine comes peritoneal irritation, and this 
results in abdominal pain, abdominal tenderness and abdominal rigidity; 
so these are the next three important symptoms. The pain tends to 
come on shortly after eating and is colicky in character. Tenderness is 
commonly first noticed over the caecum; later over the rest of the colon. 
Abdominal spasticity, when present, begins in the right lower quadrant 
and then spreads over the entire abdomen. 

As a consequence of the ulcerative enterocolitis, certain constitutional 
signs and symptoms result, such as an elevation of temperature above 
that caused by the pulmonary lesion, leucocytosis, etc. Certain digestive 
symptoms may appear: as anorexia, nausea, cramps and a change in the 
bowel-habit, such as, a patient who has been constipated develops an in- 
creased frequency of stools, or conversely a patient who has had a normal 
bowel function becomes constipated. Sometimes a very early symptom is 
a failure of the patient to improve when the pulmonary lesion is quiescent 
or shows signs of improvement. The symptom-complex of intestinal 
tuberculosis is by no means constant. In fact, it is quite variable: one 
patient has violent cramps, another has only abdominal consciousness, 
one has excessive diarrhoea, another is constipated, one has cramps after 
eating, another has epigastric distress before eating. 

The X-ray is the most important single agent in establishing a diagno- 
sis, for it is the X-ray which permits a visualization of the intestine, show- 
ing the hypermotility which is the physiological response of the ulcera- 
tion. The following X-ray evidences occur in intestinal tuberculosis: 
Failure of the right side of the colon to retain the barium meal the normal 
period of time; the presence of spastic filling defects in the caecum 
and ascending colon; complete or nearly complete emptying of the 
colon within twenty-four hours. In the small intestine, there likewise 
results hypermotility. But, since the normal movements are very 
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rapid through the small bowel, a hypermotility would be difficult to detect 
unless certain complications result, which paradoxically enough produce 
the opposite affect in the emptying time of the small bowel. An ulcerated 
small bowel may result not only in increased irritability but in spasm as 
well, and this results in a temporary stasis of the barium proximal to it 
with a resultant dilatation and segmentation; consequently, ileal stasis 
at nine hours is suggestive of ulceration of the small bowel or of the ileo- 
caecal junction. By the same reflex mechanism, sufficient spasm of the 
small intestine will result in gastric retention. These X-ray evidences 
indicate ulceration, and, when they occur in a patient having the symp- 
toms previously mentioned and the patient is known to have pulmonary 
tuberculosis, then a direct diagnosis of intestinal tuberculosis may be 
made. 

In our studies at the National Jewish Hospital we have found that the 
diagnosis is not always as simple as this would appear. Inasmuch as 
tuberculous patients are not immune to nontuberculous involvements of 
the intestinal tract, it has been our custom to assume neither the pres- 
ence of a tuberculous or nontuberculous condition until sufficient evidence 
has accummulated to warrant a diagnosis. 

There are other clinical entities that increase gastrointestinal irritability 
and particularly intestinal irritability, and it is from these that a differen- 
tial diagnosis must be made. 

The following are some of the clinical entities that produce irritability 
of the gastrointestinal tract, and from which a differential diagnosis is to 
be made: 


SOME NONTUBERCULOUS CAUSES OF GASTROINTESTINAL IRRITABILITY 
1: Protozoal infections 
a. Endamoeba histolytica 
b. Giardia lamblia 
c. Trichomonas intestinalis 
2: Bacterial infections 
a. Bargen’s ulcerative colitis 
b. Simple colitis 
3: Tumors of the intestine 
a. Malignant 
b. Benign 
4: Disorders in the function, position or configuration of the colon 
a. Spastic colon 
b. Redundant colon 
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c. Low caecum 
d. Ptosis 
e. Megalocolon 
: Appendicitis 
: Digestive disorders 
a. Peptic ulcer 
b. Achylia gastrica 
c. Pancreatic insufficiency 
: Nutritional disorders 
a. Pernicious anaemia 
b. Pellagra 
: Blood dyscrasias 
a. Myelogenous leukaemia 
: Endocrine disorders 
a. Hyperthyroidism 
b. Addison’s disease 
: Cardiorenal disease 
: Industrial poisoning 
a. Lead 
b. Arsenic 
: Surgical complications 
a. Phrenic-nerve resections 
b. Nephrectomy 
c. Adhesions 
: Rectal disorders 
a. Cryptitis 
b. Proctitis 
c. Haemorrhoids 


In group 1 the protozoal infections produce all the signs and symptoms 
of ulcerative colitis, especially amoebic infection. Fortunately, the 
diagnosis of these conditions is reasonably certain when the particular 
protozoan is isolated. Regarding the incidence of this type of infection, 
it is true that our hospital series does not contain any of this group, al- 
though one of us encountered numerous cases in private practice. This 
infection is rapidly spreading through the temperate zone, whereas 
formerly it was considered a tropical disease. In Colorado, for example, 
Chisholm has shown that it occurs now much more frequently than it dida 
decade ago; and future sanatorium statistics will undoubtedly contain a 
much higher incidence of this disease than they do to-day. 

In group 2 the bacterial infections produce a form of colitis strongly re- 
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sembling intestinal tuberculosis clinically. The chronic diarrhoea, the 
colicky pain, the tenderness over the abdomen, the frequent liquid and 
bloody stools are all present. The colon is irritable and commonly com- 
pletely evacuates in twenty-four hours. Of differential diagnostic impor- 
tance is the fact that the disease commonly involves the left side of the 
colon rather than the right, although, in advanced cases, the entire colon 
is involved. The X-ray may show a tubular colon without haustrations 
on the left side while the right side of the colon may be normal. Isolating 
the specific organism establishes the diagnosis, and the therapeutic test of 
a prompt response to an autogenous vaccine with relief of symptoms is 
equally important in excluding tuberculosis. In this group the best 
instance of a chronic nontuberculous form of bacterial colitis is that due 
to Bargen’s organism. Other organisms may also be responsible. 
Mackie described a case of chronic ulcerative colitis caused by the Flexner- 
Y bacterium. It is the opinion of some observers that there are numer- 
ous other organisms that may set up a simple chronic colitis. Even B. 
coli has been mentioned in this respect. 

In group 3 the tumors of the intestine, both benign and malignant, 
produce the signs and symptoms of intestinal irritability; further, the 
stool may contain blood, pus and mucus, while the X-ray may show evi- 
dence of spastic filling defects. In the case of malignant tumors the signs of 
cachexia are not unlike the constitutional signs of advanced tuberculosis. 
Fortunately, tumors of the small bowel are very rare and most tumors 
of the colon are single and are located more frequently on the left side 
than the right. ‘Tumors increase in frequency from the caecum towards 
the rectum,” states Ewing. In the case of tumors in the left side of the 
colon, the ascending colon may be normal in contour and in evacuation 
time, or may even show a delayed emptying time which facilitates the 
diagnosis. In the case of a tumor located in the right side of the colon, a 
differential diagnosis may be dependent upon opportunities for exploring 
the abdomen. 

In group 4, disorders in the position, configuration or function of the 
colon, comprise a group that give rise to evidence of colonic irritability, 
including attacks of diarrhoea, abdominal pain, tenderness over the 
caecum and colon, cramps, etc., but in which there should be little diffi- 
culty in differentiation from tuberculosis by the X-ray studies. In most 
of these, the right side of the colon seldom shows evidence of hyperperistal- 
sis, while generally it can be well filled by the enema method. Spastic 
colon and irritable colon give rise to distress and pain in the abdomen, 
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while mucus in the stools is a frequent occurrence. When the amount of 
mucus is large the condition is spoken of as mucous colitis. Mucous 
colitis is then an aggravated manifestation of spastic colon.. If the proc- 
ess involves the left side of the colon, the X-ray is of help in showing a 
normal or even delayed emptying time of the right side of the colon. In 
all types the enema study usually shows a well-filled ascending bulb. 
Megalocolon identifies itselfon X-ray examination. Redundant colon is 
sometimes confusing symptomatically because of its tendency to give rise 
to alternating attacks of diarrhoea and constipation, as well as to chronic 
gas-distress, and abdominal pain. On X-ray examination, however, 
the aberrant loops, kinks or deviations become apparent; also the colon 
as a rule can be well filled on enema study, excluding the spastic filling 
defects of tuberculosis. Likewise, low caecum and visceroptosis give rise to 
abdominal distress, gas-pains and tenderness; however, like redundant 
colon, the X-ray identifies their character, showing a normal or delayed 
emptying time of the colon. 

In group 5, acute appendicitis is seldom confusing by reason of its sud- 
den attack of pain, cramps, nausea, vomiting, localized rigidity, sudden 
elevation of temperature and leucocytosis. But chronic appendicitis, 
with its recurrent attacks of abdominal symptoms, calls for a differential 
diagnosis which is by no means a simple procedure, especially if the person 
is known to have tuberculosis. During an acute exacerbation of the 
symptoms, the differential diagnosis is indeed difficult, but during a qui- 
escent period when the colonic irritability has subsided X-ray evidence 
will exclude tuberculosis. 

In group 6, the differential diagnosis from the digestive disorders is not 
the simple thing that it appears at first. Peptic ulcer with its character- 
istic syndrome of pain, food comfort, pain, is certainly definite enough and, 
when augmented by X-ray evidence of defective duodenal cap or gastric 
retention, and, further by hyperacidity and blood in the stools, the diag- 
nosis should be simple enough. However, all of these symptoms and 
signs may be simulated by intestinal tuberculosis. Hyperacidity, for 
example, is a common occurrence in all forms of increased irritability of the 
colon, and hyperacidity alone may cause the syndrome of pain, food hunger, 
pain. A spastic duodenal cap is likewise common enough as a reflex 
mechanism from irritable colon, gastric retention occurs in tuberculosis 
of the small bowel, and blood in the stool may come from any part of the 
gastrointestinal tract. In establishing a differential diagnosis this is of 
great help. However, at times we have found the therapeutic test the 
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best index. In peptic ulcer the response to therapy is immediate and 
satisfactory. Achylia gastrica may alsc prove troublesome to differen- 
tiate since there commonly occurs an increased irritability of the small 
and large bowel, and sometimes a persistent diarrhoea, associated with pain, 
distress and cramps after eating. In making a differential diagnosis the 
absence of hydrochloric acid is important; also negative X-ray evidence of 
intestinal tuberculosis, and finally the therapeutic test. Patients respond 
quickly to appropriate diet and medication. Pancreatic insufficiency, 
fortunately, is of infrequent occurrence. The diagnosis is made on the 
characteristic appearance of large bulky grayish stools which gives evi- 
dence of incomplete digestion on chemical test; further, the response to 
treatment is prompt and satisfactory. 

In group 7, the nutritional disorders give rise to chronic diarrhoea with 
all the associated signs and symptoms of abdominal distress, pains, 
cramps, etc. In the case of pernicious anaemia, the characteristic blood 
picture makes the differential diagnosis, and the therapeutic test confirms 
it. In the case of pellagra, the history of bad nutrition and skin mani- 
festations should suggest the diagnosis which is confirmed by the re- 
sponse to therapy. 

In group 8, among the blood dyscrasias, myelogenous leukaemia some- 
times gives rise to irritable colon and chronic diarrhoea or even intestinal 
haemorrhages. The differential diagnosis is made by the characteristic 
blood picture as well as by evidence of splenic enlargement. 

In group 9, among the endocrine disorders, hyperthyroidism and Addi- 
son’s disease are known to give rise to symptoms of increased irritability 
of the colon and chronic diarrhoea. In hyperthyroidism an enlarged 
thyroid gland, if present, is significant; the other cardial signs of the 
disease, namely palpitation, tachycardia and tremor, however, may occur 
in tuberculosis. It is the increased basal metabolic rate which makes the 
differential diagnosis. In Addison’s disease, evidence of disturbance in 
the metabolism of pigmentation points to the diagnosis. 

In group 10, cardiorenal disease sometimes gives rise to diarrhoea, 
together with severe gastrointestinal symptoms, such as anorexia, vomit- 
ing, cramps, etc. The differential diagnosis is made on the evidence of 
organic cardiorenal disease as well as negative X-ray evidence of intestinal 
tuberculosis. 

In group 11, the industrial poisons, such as lead and arsenic, as well as 
others, sometimes result in nausea, vomiting, diarrhoea, loss of weight, 
secondary anaemia, etc. Recently, one of us encountered a case of T. N. 
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T. poisoning with abdominal cramps as the presenting symptom. The 
differential diagnosis was suggested by the history of exposure to the poison. 
In lead poisoning there are the characteristic lead-line of the gums, baso- 
philic degeneration of the red blood cells and nerve palsies, etc. In 
chronic arsenical poisoning evidence of ulceration elsewhere in the body, 
particularly the upper respiratory tract, is suggestive of the condition. 
In T. N. T. poisoning, Webster’s test of the urine shows the presence of 
the poison. All of these respond readily to treatment, which helps to 
exclude the diagnosis of tuberculosis. 

In group 12, several surgical complications are particularly interesting, 
especially so now that surgical interference in pulmonary tuberculosis 
enjoys such popularity. After phrenic-nerve resection, there frequently 
result gastrointestinal symptoms with signs of irritation where none 
existed before. Differential diagnosis is made by the clinical progress 
of the patient as well as by negative X-ray evidence of intestinal -tuber- 
culosis and by positive evidence of the aberrant motions of the gastro- 
intestinal tract peculiar to phrenic-nerve resection. Phrenicectomy is 
not the only operation however that may be followed by abdominal 
symptoms. The operation of nephrectomy is at times followed by a 
gastrointestinal syndrome which includes anorexia, vomiting and gas 
distress. We encountered two such cases. Differential diagnosis is 
made by the appearance of the symptoms subsequent to the nephrectomy 
and the negative X-ray evidence of intestinal tuberculosis. A third oper- 
ation that sometimes gives rise to confusion is appendicectomy, especially 
if it results in adhesions about the caecum. Such adhesions may result 
in an apparent defect of the caecum on X-ray examination, which in 
' several instances in our series proved confusing. ‘The defect has certain 
characteristics which help to identify itself; it tends to be constant and 
repeats its identical configuration on successive films, whereas the defects 
of tuberculosis differ slightly on successive examinations. The defect due 
to adhesions is fixed; further, there is no spasticity and no irritability 
associated with it. 

In group 13, the rectal diseases, such as cryptitis, proctitis, polyps, 
haemorrhoids, fissures, fistulae, abscesses, etc., may result in increased 
colonic irritability, and also in cramps, tenesmus, bloody stools, etc. 
These conditions fortunately are available to direct examination when 
the pathological process becomes apparent. Recovery usually follows 
promptly upon proper treatment. Also, negative X-ray evidence of 
tuberculosis helps to make the differential diagnosis. 
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TABLE 1 
Classification of gastrointestinal problems presented by 125 patients 


Intestinal tuberculosis 
Redundant colon 

Spastic (irritable) colon 
Mucous colitis 

Bargen’s ulcerative colitis 
Simple (nontuberculous) colitis 
Colonic stasis 

Low caecum 

Megalocolon 

Atonic colon 


Visceroptosis 

Peptic ulcer 

Achylia gastrica 
Hour-glass stomach 
Pylorospasm 
Hypoacidity 
Hyperacidity 
Cardiospasm 

Gastric retention after nephrectomy 
Dilatation of oesophagus 
Chronic appendicitis 
Chronic cholecystitis 
Rectal polyps 

Proctitis 


In nine of these patients we had the opportunity of checking our clinical 
diagnosis by subsequent postmortem observations. 


TABLE 2 
Comparison of clinical and postmortem diagnoses 


CLINICAL DIAGNOSIS POSTMORTEM DIAGNOSIS 


Tuberculous enterocolitis Tuberculous enterocolitis 
Tuberculous enterocolitis . Tuberculous enterocolitis 
Tuberculous enterocolitis Tuberculous enterocolitis 


Tuberculous enterocolitis Tuberculous enterocolitis 
Mucous colitis Nontuberculous colitis 


Redundant colon Redundant colon 

Spastic colon No tuberculosis 

Peptic ulcer Duodenal ulcer 

Redundant colon (seen seven months | Tuberculosis of small intestine only 
before death) 


= 
3 


Man 


| 

| 

693 

| 

— 


GAUSS, SINGERMAN AND BLACK 


TABLE 3 
Classification of pulmonary lesions in patients with gastrointestinal problems 


NONTUBERCULOUS GASTRO- 


TUBERCULOUS ENTEROCOLITIS PULMONARY LESION INTESTINAL CONDITIONS 


No tuberculosis 11 
Minimal 13 
Moderately advanced 12 
Far advanced 60 

Totals 96 


In table 1, it will be seen that our series of 125 patients who had gastro- 
intestinal problems were classified under 27 different diagnoses: that the 
nontuberculous lesions are far in excess of the tuberculous lesions of the 
intestines. Table 2 indicates a reasonable agreement of our clinical and 
postmortem diagnoses. Table 3 indicates that, in our series, intestinal 
tuberculosis was found principally in far-advanced cases of pulmonary 
tuberculosis. 

It is tempting to try to draw some inference of the incidence of clinical 
intestinal tuberculosis among our sanatorium population. Unfortunately 
our statistics are unsuited for this purpose, since we did not make outline 
gastrointestinal examinations on all patients admitted, but only on those 
who presented gastrointestinal problems. 


SUMMARY 


1. There are no pathognomonic signs of intestinal tuberculosis. 

2. The high incidence of intestinal tuberculosis reported by pathol- 
ogists includes a considerable number of terminal lesions and is to be dif- 
ferentiated from clinical tuberculosis which produces morbidity. 

3. The diagnosis is suggested by the failure of any patient to make 
satisfactory progress when his pulmonary lesion is quiescent or improving. 

4. The common symptoms of intestinal tuberculosis are diarrhoea, 
abdominal pain, abdominal tenderness, abdominal rigidity, and cramps 
after eating. 

5. The X-ray evidence of intestinal tuberculosis includes the presence 
of spastic filling-defects in the ascending colon, hastened emptying time 
of the colon, dilatation and segmentation of the small intestine, ileac 
stasis, gastric retention. 

6. When a person has some of the signs and symptoms, and has some 
of the X-ray evidence mentioned, and is known to have pulmonary 
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tuberculosis, then a clinical diagnosis of intestinal tuberculosis may be 
made. 

7. However, in adults in the absence of pulmonary tuberculosis, one 
would hesitate to diagnose intestinal tuberculosis. 

8. Since the direct diagnosis is based largely on evidence of hypermo- 
tility and ulceration of the intestinal tract, the differential diagnosis must 


Fic. 1. Normal stomach and small intestine. The stomach is of the steerhorn and hyper- 
tonic type. The small intestine presents the feathery appearance of the healthy bowel. 

Fic. 2. Normal colon. Twenty-four hour film. 

Fic. 3. Normal colon. Enema study. 

Fic. 4. Tuberculosis of small intestine. Film showing gastric retention at nine hours, 
secondary to intestinal tuberculosis. 

Fic. 5. Tuberculosis of the small intestine. Six-hour film, showing segmentation and 
dilatation of the ileum. 

Fic. 6. Tuberculosis of small and large bowel. Six-hour film of patient, J. Z., showing 
dilatation of small bowel, and a spastic filling defect of the ascending colon. 

Fic. 7. Tuberculosis of the colon. Twenty-four-hour film of patient, J. Z., showing a 
marked spastic filling defect of the ascending colon. 

Fic. 8. Tuberculosis of the colon. Enema study of patient, J. Z., showing marked spastic 
filling defects of ascending colon; also incompetent ileocaecal valve with dilated ileum. 

Fic. 9. Bargen’s ulcerative colitis. Enema study, showing the tubular appearance of 
the colon with marked loss of the haustrations. 

Fic. 10. Spastic colon. Twenty-four-hour film, showing marked spasticity and irritabil- 
ity of entire colon in patient M. B. 

Fic. 11. Enema study of patient, M. B., with spastic colon to exclude tuberculosis. The 
colon fills well and is without defects. 

Fic. 12. Megalocolon. A congenital lesion found in a patient with pulmonary tuberculo- 
sis. Enema study. 

Fic. 13. Dyschesia. Enema study, showing the marked spasticity and hypertonicity of 
the transverse and descending segments of the colon sharply contrasted by the dilated rectal 
pouch. The enema study film is employed in this case, because it also shows the ascending 
segment of the colon to be free of filling defects, which helps to exclude tuberculosis. 

Fic. 14. Redundancy of the colon at the hepatic flexure. Enema study. 

Fic. 15. Mucous colitis. Twenty-four-hour film, showing the “shoestring” appearance 
of the descending segment of the colon. 

Fic. 16. Enema study of patient, 7. 7., with mucous colitis to exclude tuberculosis. The 
colon fills well and is without defects. 

Fic. 17. Cancer of the ascending colon. (Courtesy of Drs. Stephenson and Allen, Denver.) 

Fic. 18. Benign tumor at the sigmoidal flexure of the colon. Patient alive and well five 
years later without operation. (Private case.) 


be made from those pathological states which also give rise to hypermotil- 
ity or ulceration of the intestinal tract, which include the following: pro- 
tozoal infection; bacterial infection of the colon; tumors of the intestine; 
disorders in the formation, position or configuration of the colon: appendi- 
citis; digestive disorders; nutritional disorders; blood dyscrasias; endo- 
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crine disorders; cardiorenal disease; industrial poisons; surgical complica- 
tions and rectal disorders. 

9. We have reported a study of 125 patients in a tuberculosis sanato- 
rium who presented gastrointestinal problems. These were classified 
under 27 different clinical entities. The nontuberculous states are 
far in excess of the tuberculous states, being in the approximate ratio of 
5 to 1. 

10. It would seem from an analysis of this series, that the majority of 
gastrointestinal problems encountered among patients in a tuberculosis 
sanatorium are nontuberculous rather than tuberculous. 

11. Postmortem examinations in our series indicate a reasonable agree- 
ment between our clinical and postmortem diagnoses. 

12. Intestinal tuberculosis in our series was found principally in pa- 


tients with far-advanced pulmonary tuberculosis. 
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THE EFFECT OF VIOSTEROL (VITAMINE D) AND TUBER- 
CULIN ON THE HEALING OF TUBERCULOUS 
LESIONS IN GUINEA PIGS"? 


EUGENE C. pe SAVITSCH, VIRGINIA E. TREVORROW, WILLIAM C. BLACK 
AND ROBERT C. LEWIS 


Experimental studies have shown that the administration of irradi- 
ated ergosterol (viosterol) has a pronounced influence in raising the level 
of blood-calcium (1) (3) (11). It has also been observed that, when 
given in extremely large doses, viosterol causes a deposition of calcium 
in the aorta, kidney, lungs, and occasionally in other tissues (4) (11). 
Spies (12) (13), Walker and Spies (15), Spies and Berryhill (14), and Leva- 
diti and Po (5) (6) (7) (8) have secured calcification in experimentally 
produced tuberculous foci by the administration of irradiated ergosterol. 
Levaditi and Po (5) have also shown that irradiated ergosterol causes a 
deposition of calcium, not only in such tissues as those mentioned above, 
but also at sites of chronic inflammation. Accordingly, we postulated 
that, if the characteristic perifocal reaction resulting from the injection 
of tuberculin into tuberculous animals were produced, calcification of 
tubercles under the influence of irradiated ergosterol should thereby 
be facilitated. When this theory was subjected to experimental proof, 
no evidence was obtained that calcification of tubercles was produced 
by the concurrent administration of tuberculin and large doses of vios- 
terol. However, the therapeutic effects of the treatment are evidenced 
in other ways quite as striking and none the less important than had 
calcification been demonstrated. 


EXPERIMENTAL 


The general plan of experimentation was to produce tuberculosis in 
guinea pigs, and, subsequently, to treat the tuberculous pigs with both 
viosterol and tuberculin, the former being injected intramuscularly, and 
the latter subcutaneously. Young guinea pigs, weighing from 300 to 


1 From the Departments of Biochemistry and Pathology, University of Colorado School of 
Medicine, and the Research Department, National Jewish Hospital, Denver, Colorado. 

2 A preliminary report of this work was given at the twenty-eighth annual meeting of the 
National Tuberculosis Association, Colorado Springs, June, 1932. 
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500 gm., were used. They were apportioned as indicated below, and 
the respective groups were kept in large cages in a well-lighted room of 
even temperature. No direct sunlight except that which entered the 
room through ordinary window-glass reached the cages. The animals 
were fed alfalfa hay and a mixture of two-thirds rolled barley and one- 
third rabbit chow (alfalfa-hay meal, soy-bean meal, molasses, wheat 
germ, corn-germ meal, corn-meal, ground oats, bone-meal, calcium car- 
bonate and sodium chloride). Lettuce, carrots or cabbage were given 
three or four times a week, and the animals had continual access to water 
and to salt spools containing sodium chloride, free sulphur, and a heavy 
trace of calcium. 

To subject the proposed treatment to the most rigid test, large inocu- 
lating doses of a virulent culture of tubercle bacillus were given. Each 
animal received 0.01 mgm. of tubercle bacilli (Gluckson), 0.000,001 
mgm. of which is known to cause tuberculosis in guinea pigs (1). Thirty- 
five days following this dose, guinea pigs invariably develop a very 
marked adenopathy with occasional tubercles in the liver and the spleen, 
and sometimes in the lungs. After 70 days the animals usually present 
an advanced tuberculous involvement. In order that the efficacy of 
the treatment could be judged on animals in two distinct stages of devel- 
opment of tuberculosis, weekly treatments were instituted at these two 
intervals, 35 and 70 days, respectively, after inoculation. 

As it was not known when the optimum effect of viosterol adminis- 
tered by the intramuscular route would occur, the treatment was varied 
so that some of the animals received tuberculin 48 hours before; some 
simultaneously with; and others, 48 hours following the administration 
of the viosterol. By one of these procedures we hoped to secure the 
simultaneous occurrence of the maximum effect of these two therapeutic 
agents. The respective variations of treatment just described were given 
to three groups of 10 guinea pigs each, beginning 35 days after inocula- 
tion; and to three other groups of 7 to 10 guinea pigs each, 70 days after 
inoculation. 

In order to control the experiment completely, the following groups 
of animals were carried: (A) normal controls, 10 uninoculated guinea pigs; 
(B) normal viosterol controls, 10 uninoculated guinea pigs receiving vio- 
sterol; (C) tuberculosis controls, 10 inoculated guinea pigs untreated; (D) 
tuberculin controls, 10 inoculated guinea pigs divided equally into two 
subgroups in which treatment with tuberculin only was started 35 and 70 
days, respectively, after inoculation; (E) viosterol controls, 16 inocu- 
lated guinea pigs divided into two subgroups of 10 and 6 animals receiv- 
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ing treatment with viosterol alone 35 and 70 days, respectively, after 
inoculation. 

The tuberculin was injected in ascending doses, increased amounts 
being given whenever the local reaction following the injection of the 
previous week had not been marked. The amounts of tuberculin used 
in successive weeks were 0.000,01, 0.000,1, 0.000,1, 0.01, 0.01, 0.01, 0.01, 
0.02, 0.02, 0.02, 0.03, 0.035, 0.04, 0.04, 0.04, 0.05, 0.05, 0.06, 0.07, 0.08, 
0.09 and 1.0 mgm. per animal. 

The viosterol was given in doses not large enough to produce patho- 
logical changes in normal tissues. The initial amount of viosterol, 
1,000 units (V. NV. R.) per week to each animal for the first to seventh 
week, inclusive, was increased to 1,333 units for the eighth week and to 
1,667 units for the ninth to twenty-second week, inclusive. The guinea 
pigs tolerated all of these doses well. 

Autopsies were performed on the animals soon after death and the 
degree of tuberculous involvement was estimated macroscopically. 
Histological examination was carried out upon Zenker-fixed, paraffin- 
embedded sections, stained with haematoxylin and eosin, and upon a 
duplicate series stained by van Gieson’s method for connective tissue. 
The lungs, liver, and spleen, and in some instances the lymph nodes, were 
examined with reference to tuberculous involvement, in order to deter- 
mine the relative number, size, distribution and type of the lesions 
present in each animal. To determine whether the dose of viosterol 
used was sufficiently large to cause pathological changes in normal tissues, 
the heart, aorta, and kidneys were also examined in a number of animals 
of the normal viosterol-control group (B). Although we are aware that 
the acetic acid contained in the Zenker’s fixing fluid used would dissolve 
slight traces of calcium, our previous experience has shown that marked 
calcification will nevertheless be evident when this method of fixation 
is used. 


RESULTS 


No detailed report is necessary of the results obtained on most of the 
control groups and on the three groups in which the combined treatment 
was started 70 days after inoculation. The latter showed no beneficial 
efiects from the treatment, undoubtedly because the tuberculosis was 
too far advanced at the time therapy was started. There was practically 
no difference between these animals and the tuberculosis controls (C), 
in which there was typical progressive development of tuberculosis. The 
normal controls (A) and the normal viosterol controls (B) showed no 
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evidence of tuberculosis, thus indicating that the stock used was free 
from spontaneous tuberculous infection. The absence of calcification 
or other pathological changes in tissues from the normal viosterol con- 
trols (B) proves that the dosage of viosterol was not excessive. The 
results obtained with the tuberculin controls (D) and with the viosterol 
controls (E) demonstrate clearly that neither tuberculin nor viosterol 
when given alone had any beneficial therapeutic value. 

The animals in which the treatment was started 35 days after inocula- 
tion require detailed consideration. The results obtained are reported 


AVERAGE LENGTH OF LIFE 
OF TREATED AND CONTROL 
ANIMALS SURVIVING 
SIXTY-FIVE DAYS OR LONGER 
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and interpreted from the standpoint of longevity, degree of tuberculous 
involvement, and amount of fibrosis. 


Longevity: As may be seen from chart 1, the results clearly indicate 
that in the group receiving simultaneous injections of viosterol and tuber- 
culin the increase in life-span is especially striking. It should be noted 
that 4 of the 10 animals of this group were killed at the end of 217 days. 
As they appeared to be in good condition at this time, the life-period 
would probably have been considerably increased had they been allowed 
to live until they died spontaneously. Such is not the case with the 
animals of the tuberculosis-control group (C). Although the average 
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life-span of these animals would have been increased if three of the 
guinea pigs had not been killed at the end of 217 days, there is every 
reason to believe that the effect on this group would not have been nearly 
so great as on the treated group, since there were only three instead of 
four survivors, and all three were apparently in a very unsatisfactory 
physical condition at the time they were killed. The administration of 
tuberculin followed by ergosterol, and vice versa, apparently had no sig- 
nificant effect in increasing the length of life of animals thus treated. 
Tuberculous Involvement: Table 1 shows the individual autopsy find- 
ings of the animals in the tuberculosis-control (C) and the tuberculin- 


PERCENTAGE OF ANIMALS RELATIVELY FREE FROM 
MACROSCOPIC TUBERCULOSIS 


Pigs considered in treated groups received five or more 
treatmetits; controls computed under identical conditions. 
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CHART 2 


control (D) groups and in the animals treated with both tuberculin and 
ergosterol beginning 35 days after inoculation. The minimum definite 
involvement is indicated by +; the maximum, by +++-+; and the 
absence of tuberculosis, by 0. Suspicious cases having no definite evi- 
dence of tuberculosis are designated by a question mark. The word 
“Congested” is used to describe the macroscopic appearance of the lungs, 
histological examination of which usually revealed bronchopneumonia. 
A greater degree of freedom from tuberculosis in the treated animals 
as compared to the controls is shown. Chart 2, constructed from the 
data contained in table 1 and from those for the other groups not reported 
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TABLE 2 
Comparison of treated and untreated animals on the basis of histological study 
Tubercles Fibrosis |{Tubercles Fibrosis 
41 217 | 0 0 0 0 
42 217 | Many Slight 0 0 
43 205 | Many Marked | Few Marked 
a a 46 143 | 0 0 0 0 (Cirrhosis) 
terol and tuber- 217 | Few 
: 48 153 | 0 0 0 0 
culin 49 | 217 | Many Marked | Many | Slight 
50 107 | Few (tubercu- 0 Few Moderate 
| lous pneu- 
monia) 
1 | 217/0 0 0 0 
aa 217 | Many Marked | Many| Marked 
Viosterol followed 5 107 | Many 0 0 0 
by tuberculin 7 76 | Many Moderate} Many | Slight 
8 181 | Many Slight 0 0 
(| 9 151 | Many Moderate | 0 0 
11 217 | 0 0 Few Moderate 
12 217 | 0 0 Few Marked 
13 172 | 0 0 Few Moderate 
Tuberculin followed 15 143 | Many 0 0 1) 
by viosterol 16 84 | 0(Pneumonia) | 0 0 0 
17 108 | Many Moderate | Few Moderate 
19 99 Many | Slight 
(| 20 162 | Few Moderate | 0 0 
71 217 | Many 0 Few Marked 
72 217 | Many 0 0 0 
Tuberculosis con- 73 217 | Many Moderate | Few Marked 
trols (C) 74 103 | Many Slight Many| 0 
78 108 | Many 0 Many | Slight 
79 172 | Many 0 Many| 0 
. 98 138 | (Pneumonia) 0 Few Moderate 
— controls |! o9 | 158 | Few 0 Few | Slight 
101 217 | Many Slight Few Moderate 
51 90 Many | Slight 
52 217 | Many Marked | Many} Moderate 
Viosterol controls 53 217 | Few Moderate | Few Moderate 
(E) 55 103 | Few 0 Few 0 
57 102 Few 0 
58 217 | Few 0 Few 0 
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in detail, shows the percentage of animals relatively free from tuberculosis 
in each group. The term “relatively free” implies that the tuberculosis 
was limited to the lymphatic system with slight, if any, involvement of 
other tissues. It is evident that the treatment by simultaneous injec- 
tion of tuberculin and viosterol and by the injection of viosterol followed 
in 48 hours by tuberculin was beneficial, whereas in the animals treated 
with tuberculin followed in 48 hours by viosterol the results were nega- 
tive, as were those of the control groups. ‘The relative freedom from 
tuberculosis in the animals receiving simultaneous treatment is particu- 
larly striking. 

Tables 2 and 3 also show that the incidence of tuberculosis in lungs and 
liver, as judged by histological examination, is considerably less in the 
treated than in the control animals. In groups receiving concurrent 

TABLE 3 
Incidence of marked and moderate fibrosis of tubercles in lungs and liver of treated and control 


animals 


| ORGANS 
SHOWING | ORGANS SHOWING FIBROSIS 
NUMBER |TUBERCt LOSIS | 
OF 
ORGANS 
| STUDIED | 


NUMBER 
| OF 
| ANIMALS 


~ 

c 

8 
= O 

5 

> 

4. ~ 


Moderate 


| Per Cent 


Treatment with viosterol and tu- 
berculin, beginning 35 days after 
inoculation. . . 23 |53.49} 
Combined controls: no treatment: 
viosterol alone and_ tuberculin | 
alone........ 15 28 | 26 |92.86| 3 | | 34.62 


injections of tuberculin and viosterol, only 23 of 43 tissues examined, 
or 53.49 per cent, showed the presence of tuberculous lesions, whereas 
in the combined control groups 26 of 28 organs studied, or 92.86 per 
cent, revealed definite evidence of tuberculous involvement. 

Fibrosis: Histological examination showed the size, distribution and 
type of the lesions to be variable, not only between animals in different 
groups, but also between animals in the same group, and between organs 
in the same anima]. Each organ was, therefore, considered separately 
in making comparisons, and a common factor in the lesions was selected 
that would serve as an index of repair. The theoretical considerations 
upon which the experiment is based assume that healing is accompanied 
by the production and peripheral deposition of fibrous tissue about the 
tubercle, this newly formed fibrous tissue becoming, in effect, a capsule 
which prevents further spread of the disease. It is recognized that cer- 
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tain authorities (8) believe it probable that fibrosis of this type represents 
nonspecific healing, or scar-formation which proceeds as the lesion 
becomes inactive. Regardless of which view is followed, fibrosis can be 
taken as a measure of the extent and progress of the disease. Figures 
1, 2 and 3 are photomicrographs of van Gieson-stained sections which are 
included to illustrate types of tuberculous lesions with and without 
fibrosis. 

The amount of fibrosis, as revealed by histological examination, is 
shown in table 2. It will be observed that there is a definitely greater 
degree of fibrosis in the treated animals than in the controls, the percent- 
age incidence of moderate or marked fibrosis in lungs and liver, as shown 
in table 3, being 60.87 per cent in the animals receiving concurrent 
injections of viosterol and tuberculin and 34.62 per cent in the controls. 
Furthermore, study of the histological sections reveals less widely dis- 
seminated tuberculosis and less caseation in the animals that received 
both viosterol and tuberculin than was found in the untreated animals 
or in those receiving either viosterol alone or tuberculin alone. 

When considered from the standpoint of the individual animal, the 
histological evidence alone in this experiment would be inconclusive; 
however, when viewed in reference to groups of animals, it has definite 
positive significance, and indicates that treatment concurrently with 
tuberculin and ergosterol is beneficial. 


DISCUSSION 


The results obtained in these experiments, emphasizing, as they do, 
the importance of vitamine D in the treatment of tuberculosis, lead to 
interesting speculation concerning the rdéle played by ultraviolet light 
as a therapeutic agent in tuberculosis. Ultraviolet-ray therapy in bone 
and skin tuberculosis has been used successfully for many years, but its 
effect in pulmonary tuberculosis has not been nearly as significant. If 
vitamine D can produce with tuberculin such beneficial effects on experi- 
mental tuberculosis as we have reported, it seems quite probable that 
climates, such as Colorado and Arizona, may owe their beneficial effects 
in great measure to the relatively large amount of ultraviolet light that 
reaches the earth during both summer and winter (7) rather than entirely 
to the dryness of these climates. If such is the case, equally as satis- 
factory results should be obtained experimentally by treating tuberculous 
animals with tuberculin and ultraviolet light as with tuberculin and 
viosterol. This theory is being subjected to experimental test in our 
laboratories at the present time. 

The question of the applicability of the viosterol-tuberculin treatment 
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to human tuberculosis naturally arises. It should be emphasized that, 
since the results herein reported have been obtained in a single series of 
experiments with guinea pigs, much additional animal experimentation 
is necessary before clinical trial of the procedure will be warranted. 


SUMMARY 


1. The use of a combination of viosterol and tuberculin in the treat- 
ment of moderately advanced tuberculosis in guinea pigs gives definitely 
beneficial results, as judged by longevity, degree of tuberculous involve- 
ment, and amount of fibrosis. 

2. The optimum effect of the treatment is apparently obtained when 
the viosterol and tuberculin are given simultaneously rather than when 
one precedes the other by 48 hours. 

3. The average life-span of animals receiving simultaneous treatment 
with viosterol and tuberculin is markedly increased as compared with 
that of the tuberculosis controls or of the tuberculous animals treated 
with either viosterol alone or tuberculin alone. 

4, The average degree of tuberculous involvement in animals receiving 
simultaneous treatment with viosterol and tuberculin and in those 
treated with viosterol followed in 48 hours by tuberculin is considerably 
less than that of the controls or of the animals receiving tuberculin fol- 
lowed in 48 hours by viosterol. 

5. The average amount of fibrosis in animals receiving the combined 
treatment of viosterol and tuberculin is definitely greater than that of 
the controls. 


We wish to express our thanks to Dr. William C. Johnson, Head of the Department of 
Pathology, for helpful advice and criticism, and to Mr. Charles P. Butler of the National 
Jewish Hospital for technical assistance. 
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THE DIAGNOSIS OF CARCINOMA OF THE LUNG'? 
LOUIS HAMMAN 


The attitude of the clinician towards carcinoma of the lung has changed 
completely during the past thirty years. At the beginning of the century 
it was a rare disease, only occasionally diagnosed. I cannot recall having 
seen an instance demonstrated while I was a medical student nor of hav- 
ing encountered one while a resident house-officer. Even during the 
subsequent ten years spent in an active pulmonary clinic, only occa- 
sionally did the subject come up for consideration. I am sure that at 
present no student graduates in medicine without having seen a number 
of patients with pulmonary cancer. During the past year I myself have 
demonstrated four cases upon the wards and in the Outpatient Depart- 
ment, and in an equal or even larger number the possibility has been 
repeatedly discussed in arriving at the diagnosis of chronic pulmonary 
affections. To repeat: thirty years ago it was a rare disease; now it is 
frequently recognized and almost daily considered in diagnosis. 

From this experience I am left with the impression that pulmonary 
carcinoma is far more prevalent now than it was thirty years ago and, 
although accurate figures do not show an increase that fully justifies the 
impression, still they demonstrate clearly that the increase has been 
definite and even striking. Rosahn has collected a large number of re- 
ports and I here reproduce the table which summarizes them (see 
table 1). As you see, the incidence of all forms of cancer discovered 
postmortem has increased from 8 to 12+ per cent during the 
past thirty years and cancer of the lungs has advanced from 0.2 
to 0.9 per cent. Opinions differ about the cause of this increase. 
Some believe it to be only a reflection of the lengthened span 
of life and of improved diagnosis. They point out that more 
people live to be fifty years of age or over; therefore more remain 
to die of the diseases of late life, among which cancer occupies a 
prominent place; and that physicians are now more alert to suspect 
lung cancer and better equipped to diagnose it. Others contend that the 

1 Presented at a session of the Clinical Section at the twenty-ninth annual meeting of the 


National Tuberculosis Association, Toronto, Ontario, June 28, 1933. 
2 From the Medical Clinic of the Johns Hopkins Hospital, Baltimore, Maryland. 
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increase is too large to be accounted for in this way alone, and point to 
the fact that the increase of pulmonary cancer is greater than the increase 
of all other forms of cancer. We have not yet sufficient data with which 
to settle the dispute, although the weight of opinion seems to incline to 
the view that an actual increase has occurred. However, it is interesting 
to note that two authors, Rosahn and Fried, using the same statistical 
material, arrive at opposite conclusions. Rosahn writes, “The post- 
mortem incidence of primary carcinoma of the lung is steadily increasing 
and this increase is real and absolute;” while Fried states, ‘“The increase 


TABLE 1 


A summation of the incidence of primary carcinoma of the lung, as given by various authors* 


SUMMATED FROM AUTHORS 
WHO GIVE TOTAL AUTOPSIES, 
TOTAL NUMBER OF ALL 
CANCERS, AND TOTAL PRIMARY 
LUNG CANCERS 


SUMMATED FROM AUTHORS SUMMATED FROM AUTHORS 
WHO GIVE TOTAL NUMBER OF WHO GIVE TOTAL NUMBER OF 
AUTOPSIES AND TOTAL ALL CANCERS AND TOTAL 
NUMBER OF LUNG CANCERS NUMBER OF LUNG CANCERS 


Total Total 
Total lung lung 
Total ta Total 1 cancers Total cancers 
autopsies * autopsies to total | cancers to total 
autopsies, autopsies, cancers, 
per cent per cent per cent 


To 1899 | 27,126 | 2,201 . 63 ,633 89 | 0.14 | 2,201 1.45 
1900-1904 | 16,523 | 1,379 . 21,818 45 | 0.21 | 1,614 2.54 
1905-1909 | 22,862 | 2,360 , 27 ,268 95 | 0.35 | 2,595 3.50 
1910-1914 | 31,229 | 3,246 , 37,580 | 165 0.44 | 3,560 4.52 
1915-1919 | 43,524 | 4,437 , 49,244 | 213 0.43 | 4,857 4.30 
1920-1924 | 38,458 | 4,788 . 43,379 | 354 | 0.81 | 5,204 6.61 
1925-1928 | 6,929 | 1,069 ' 6,929 94 1.36 | 1,069 8.79 


1910-1919 | 74,753 | 7,683 ' 86,824 | 378 | 0.44 | 8,417 | 370 | 4.39 
1920-1928 | 45,387 | 5,857 50,308 | 448 | 0.89 | 6,273 | 438 | 6.98 


* Some investigators omit the total number of autopsies; others do not give the total num- 
ber of cancers. This incompleteness necessitates the tabular form presented. 


is very likely more apparent than real.”” Whatever the truth of the 
matter may be, the fact remains that physicians now recognize carcinoma 
of the lung much oftener than they did formerly and that it has become an 
increasingly important problem in pulmonary diagnosis. 

We should like to believe that the attention now bestowed upon the 
diagnosis of lung cancer is stimulated chiefly by the anticipated reward 
of treatment. On all sides we hear the demand for earlier and still 
earlier diagnosis of cancer, for upon early diagnosis depends the prospect 
of cure. Perhaps some day the slogan will be as applicable to cancer of 
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the lung as it is now to cancer in some other locations. We hope the 
day will soon arrive but it is not yet here. Circumstances make an 
early diagnosis of carcinoma of the lung extraordinarily difficult and, 
even were we able to recognize and to identify it early, still the technical 
difficulties confronting surgical eradication are very great and not 
easily to be overcome. At the present time we may console ourselves 
only with the reports of a few cases cured by removal through the bron- 
choscope. Discouraging though this may be, it need not dampen our 
ardor to make the correct diagnosis promptly. To do this is important 
even though cure may not be our immediate reward. Pulmonary sur- 
gery has made rapid strides during the past twenty years and, as the 
technical difficulties of dealing with disease of the lung are gradually 
overcome, physicians must be prepared to recognize at once the condi- 
tions amenable to operation. Furthermore, while treatment is the chief 
object of diagnosis, the recognition of disease and the prognosis that 
depends upon recognition are of considerable practical value aside from 
their essential importance in guiding treatment. 

It is not my purpose to say anything about the site of origin or the 
histological characteristics of malignant growths of the lung. These 
peculiarities have an important bearing upon the clinical course of the 
disease, and I pass them by only because the time at our disposal makes it 
impossible to consider them. Nevertheless, although they have clinical 
importance, they influence diagnosis, especially early diagnosis, but little, 
and since we are at the moment interested only in diagnosis these patho- 
logical details may be put aside. 

In considering the diagnosis of pulmonary carcinoma we may divide 
its clinical manifestations into three groups: 


1: Instances in which the pulmonic growth is secondary to a primary cancer 
located elsewhere. 

2: Instances in which the primary growth is in the lung but the first clinical 
evidence of its presence comes from metastases to distant organs. 

3: Instances in which the primary growth is in the lung and the earliest symp- 
toms come from its presence there. 


1. SECONDARY LUNG METASTASES 


Secondary metastatic carcinoma of the lung is more common than 
primary carcinoma. In most instances it is easy to diagnose. Pulmo- 
nary metastases may occur (a) as small circumscribed nodules, (b) as 
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larger areas of infiltration, (c) as miliary nodules scattered diffusely 
throughout the whole lung or part of it and (d) as pleural lesions. Metas- 
tases may come from a primary growth situated anywhere in the body. 
Often they are merely a part of late generalized metastasis and have no 
clinical importance. Less frequently they occur as localized metastases 
and, if the site of the carcinoma from which they come is obscure, they 
may be mistaken for primary lung growths or for some other pulmonary 
disease. Sometimes, even though it is known that a carcinoma situated 
elsewhere has previously been removed, the occurrence, years afterward, 
of an isolated pulmonary metastasis may be very difficult to diagnose. 
Although pulmonary metastases may come from unrecognized car- 
cinoma located anywhere or may follow the removal of any cancer, 
nevertheless, they occur especially often with tumors of the breast, kid- 
neys and thyroid gland. 

The clinical manifestations are variable. At times there are no pul- 
monary symptoms, and the lesions are revealed, often unexpectedly, by 
the roentgen ray. At other times the patients have cough, fever and pain 
in the chest. Physical and roentgen-ray examinations may disclose a 
localized area of infiltration in the lung and the whole clinical picture may 
for a time be indistinguishable from that of pulmonary tuberculosis. 
At still other times the patients have cough, dyspnoea and more or less 
marked constitutional symptoms. The physical examination of the lungs 
may reveal little that is abnormal, but the roentgenogram may show 
scattered miliary lesions that suggest miliary tuberculosis or a mycotic 
infection. Finally, many patients complain only of increasing shortness 
of breath, when examination reveals a pleural effusion. Again and again 
under these circumstances tuberculosis of the pleura is mistakenly 
diagnosed. 

To this group of metastatic lesions we may add those instances of 
direct extension to the lungs from contiguous growths. Carcinoma of 
the oesophagus often invades the lung, to simulate the clinical picture of 
lung abscess. Carcinoma of the stomach may penetrate the diaphragm 
and attack the lungs. I recall an interesting example: 


A man of about forty, who had previously always been well, became short of 
breath, lost weight and had a little fever. Examination revealed the presence 
of a right pleural exudate and there seemed little doubt that the patient had 
tuberculous pleurisy with effusion. However, repeated tappings were followed 
always by a prompt reaccumulation of the fluid. Some weeks later an effusion 
occurred into the left pleural cavity; the removed fluid became increasingly 
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bloody, the patient rapidly lost weight and strength, and after a few months 
he died of exhaustion. There had been no digestive symptoms other than the 
loss of appetite and distaste for food which come so often with any debilitating 
disease. Therefore, carcinoma of the stomach was not thought of, and no 
searching investigation of the gastrointestinal tract was made. Everyone was 
surprised to discover at autopsy a large ulcerating carcinoma of the body of 
the stomach which had penetrated the diaphragm ana invaded both pleural 
cavities. 


2. UNSUSPECTED LUNG TUMORS REVEALING THEMSELVES FIRST 
THROUGH DISTANT METASTASES 


Frequently metastases produce conspicuous symptoms, whereas the 
primary growth causes none or only comparatively slight ones, and 
therefore escapes notice. Even when diligently sought for it may not be 
discovered. Carcinoma of the lungs often appears first as a tumor of the 
brain, of the bones or of the liver. The pulmonary cancer may be en- 
tirely overlooked and be found unexpectedly at autopsy. The occur- 
rence of cerebral metastases with carcinoma of the lungs is especially 
frequent: so much so, that it has become routine procedure carefully to 
search the lungs of every patient with brain tumor. This association 
has been particularly emphasized in reports from the Peter Bent Brigham 
Hospital at Boston. There they find that over 30 per cent of lung can- 
cers have cerebral metastases. This astonishing figure cannot be 
accepted as a generally applicable proportion, for conditions at that 
hospital are unusual. Owing to the large number of patients with brain 
tumor brought there for operation the association with cancer of the 
lung is unduly exaggerated. Nevertheless, experience demonstrates 
that the two often go together and that the symptoms of brain tumor 
may precede for months, and even years, the symptoms of the primary 
growth in the lungs. 


A farmer, 32 years of age, came to the Johns Hopkins Hospital (Unit no. 21,986, 
service of Dr. Longcope), complaining of severe pain in the head. His illness 
had begun two months before, with general malaise, nausea and vomiting. 
For a month he had suffered from increasingly severe pain in the head. Exam- 
ination revealed choked discs and weakness of the facial muscles on the left. 
At operation, Dr. Dandy removed a large tumor from the left frontal and 
temporal lobes. Microscopical examination of the tumor showed it to be a 
medullary carcinoma. There had been no pulmonary symptoms and quite 
unexpectedly the roentgenogram (figure 1) revealed a well-circumscribed 
spherical tumor projecting into the left lung. The patient recovered and 
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therefore final proof is lacking, but I think there can be little doubt that the 
cerebral tumor was a metastasis from the growth in the lungs. 


A dredging supervisor, 46 years of age, entered the Johns Hopkins Hospital 
(Unit no. 33,784, service of Dr. Dandy), complaining of distorted vision, severe 
headache and paralysis of the left arm and leg. At operation a portion of a 
tumor from the right parietal lobe was removed. The microscopical diagnosis 
was metastatic papillomatous adenocarcinoma. The patient had had some 
cough and occasionally his expectoration had been streaked with blood. 
Examination showed a little dulness over the left upper lobe, with marked 
diminution in the intensity of the breath-sounds. The roentgenogram (figure 
2) shows the lesion in the left upper lobe. Dr. Baetjer expressed the opinion 
that it was tuberculosis. Clinically there was no evidence of tuberculosis. 


In other instances severe pain, due to bone metastases, may be the 
earliest symptom of a lung cancer. For instance, 


A man, 55 years of age, was admitted to the Johns Hopkins Hospital (Unit no. 
36,265), under the care of Dr. J. Earl Moore, complaining of painful tumors of 
the skull. He had contracted syphilis four years before and had been thor- 
oughly treated. A year before admission to the hospital severe occipital head- 
ache had begun, and a little later a lump appeared over the occiput. Three 
months before admission he had contracted a severe bronchitis, and from then 
on had had cough with sputum, which was occasionally blood-streaked, and 
pain in the lower part of the chest on the left side. The roentgenogram showed 
numerous areas of erosion in the skull. (One of these areas removed by Dr. 
Dandy was proved by microscopic examination to be a carcinoma metastasis.) 
There was dulness to percussion over the right lower lobe of the lung, where 
the breath-sounds were harsh and numerous wheezing rales were heard. The 
roentgenogram (figure 3) of the lungs was read by Dr. Baetjer as follows: 
“Retraction of upper half of right lung. Areas of soft infiltration in the right 
lung and a questionable cavity. The character of the lesion suggests tubercu- 
losis.” However, there was no evidence of tuberculosis clinically and every- 
thing pointed clearly to carcinoma of the lung. 


In still other instances an enlarged nodular liver may direct suspicion 
to the gastrointestinal tract and the pulmonic growth be overlooked. 
As a case in point: 


A colored laborer, 48 years of age, fell unconscious on the street and was 
brought to the Johns Hopkins Hospital (Unit no. 42,706, service of Dr. Long- 
cope). He had marked arteriosclerosis and moderate hypertension, and the 
attack of unconsciousness was undoubtedly due to a cerebral vascular accident. 
The examination made on admission showed a large hard liver reaching to the 
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level of the umbilicus. After a few days of mental confusion all neurological 
symptoms disappeared, but the patient grew progressively weaker and more 
and more emaciated, and the liver became larger, harder and irregular. He 
died in coma two months after entering the hospital. There was no doubt 
about his having carcinoma of the liver, but a very careful search failed to 
reveal elsewhere any evidence of a primary growth. During the last month of 
his illness he had a little cough with mucopurulent expectoration which was 
occasionally blood-streaked. There was a little dulness and diminished inten- 
sity of breath-sounds at the base of the right lung. A roentgenogram taken 
shortly after admission to the hospital was reported as follows: “Extensive 
infiltration at base of right lung. Bronchiectasis must be considered.” 
Another taken a month later was reported: “Infiltration at right base. Right 
side of diaphragm is elevated probably due to the mass beneath. The lung 
lesion may be a direct extension from the liver carcinoma.’”’ Apparently the 
physicians in charge of the patient gave little attention to the pulmonary 
condition. At autopsy a primary carcinoma of the right lower bronchus was 
discovered with metastases to the liver. 


It is interesting to note the frequency with which metastases from 
pulmonary carcinomata involve the different organs. [Illustrative 
figures are taken from autopsy protocols and therefore record the con- 
ditions present at death when wide dissemination has usually occurred. 
It would be more helpful clinically to know the frequency with which 


the different organs are the first to be reached by metastases, but about 
this we have no information. The following table is compiled from the 
records published by Simpson, Rogers and Kikuth: 


TABLE 2 


Frequency of metastases to different organs from lung cancer 


| SIMPSON: | ROGERS: KIKUTH: 


139 cases | 50 cases | 240 caAsEs TOTALS 


104 39 143 
16 14 30 


31 10 41 


Extrathoracic lymph nodes 
Suprarenals 


Kidneys 
Pancreas 


Thyroid 
Intestines 


Regional lymph 
25 | 11 36 
8 | 1 3 | 12 
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3: PRIMARY CARCINOMA OF THE LUNGS 


Primary carcinoma of the lungs manifests itself clinically (1) as bron- 
chial irritation or compression; (b) as a well-circumscribed tumor; (c) 
as infiltrative pulmonary disease; (d) as pleurisy, usually with effusion; 
and (e) as a disseminated miliary infiltration. 

Cancer that arises in a large bronchus usually causes, first, an irritative, 
paroxysmal, and often stridulous cough. Pulmonary signs may be 
entirely absent until bronchial compression or occlusion occurs. Then 
there may be suppression of breath-sounds, later the manifestations of 
atelectasis, and finally the clinical picture of bronchiectasis or abscess. 
These tumors are often diagnosed earliest with the aid of the broncho- 
scope. They may simulate mediastinal tumors, tuberculosis and syphilis, 
and later, in the course of the disease, bronchiectasis and abscess. 

Cancer of the lung, occurring as a circumscribed tumor, usually arises 
at the hilum and gradually extends into the substance of the lung. 
When plainly visible on the roentgenogram it may be a later stage of the 
bronchial tumor that causes bronchial irritation first and obstruction 
later. A harsh, irritative, paroxysmal cough is the chief symptom, 
usually accompanied by pain. These densities may be mistaken for 
mediastinal tumors, for benign tumors and later for tuberculosis or 
abscess. 

Figure 4 is the roentgenogram of 


a man, 56 years of age, who complained of shortness of breath and pain in the 
chest upon entering the Johns Hopkins Hospital (Unit no. 44,185, service of 
Dr. Longcope). His illness began three and a half months before, with pain 
at the base of the neck, an irritative cough and increasing shortness of breath. 
The illness was marked by unusually severe cardiac manifestations due, as was 
shown at autopsy, to direct involvement of the pericardium and heart. 


A baker, 66 years of age, first noticed hoarseness followed soon by a dry racking 
cough. Six months later he entered the Johns Hopkins Hospital (Unit no. 
45,088, service of Dr. Longcope). On admission there was dulness over the 
right lower lobe, with marked suppression of breath-sounds and few rales. 
Bronchoscopic examination showed compression of the right lower bronchus. 


A colored man, 54 years of age, entered the Johns Hopkins Hospital (Unit no. 
44,246, service of Dr. Longcope), complaining of hoarseness and difficulty in 
walking. The history of the neurological symptoms was vague and indefinite. 
It seemed to go back to ten or more years before. Two years before coming 
to the hospital he had attacks of choking with great shortness of breath. Six 
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weeks before he suddenly lost his voice. The examination showed paralysis of 
the recurrent laryngeal nerve and dulness over the manubrium extending out 
to the left. The roentgenogram (figure 5a), taken June 8, 1932, was read by 
Dr. C. A. Waters: “Very marked root infiltration. Fibrosis of both apices. 
Considerable amount of fibrosis throughout both lungs. Probably tubercu- 
losis.” A second roentgenogram (figure 5b), taken July 11, 1932, is an entirely 
different picture. Dr. M. Ostro comments upon it as follows: “A large mass 
occupies the upper half of the left lung. Probably carcinoma.” Subsequent 
roentgenograms showed a further rapid growth of the tumor. 


Cancer occurring as an infiltrating pulmonary disease usually begins 
in the parenchyma of the lungs, arising from smaller bronchi or from the 
alveolar epithelium. The symptoms are frequently those of a chronic 
pulmonary infection, such as fever, cough, prostration. They are often 
mistaken for tuberculosis, bronchopneumonia, chronic nontuberculous 
pulmonary infections and mycotic infections. They give no character- 
istic roentgen-ray picture and usually escape detection through the 
bronchoscope. [Illustrative is the case of 


a laborer, 53 years of age, who entered the Johns Hopkins Hospital (Unit no. 
48,379, service of Dr. Longcope), complaining of cough, dyspnoea, epigastric 
discomfort, and weakness. He had suffered from digestive disturbances for 
many years. Apparently his pulmonary symptoms began only six weeks before 
admission with shortness of breath and a dry harassing cough, followed by 
rapid loss of strength and weight. The examination showed dulness and 
greatly diminished breath-sounds at the left base and a few squeaking rales 
over both lungs. The roentgenogram (figure 6) was read by Dr. J. W. Pierson: 
“Nodular shadows project to the side of the mediastinum. Extensive infiltra- 
tion in the left lower lobe, probably the end-result of a nontuberculous infection. 
Numerous calcified bodies in the right lung, the remains of an old tuberculous 
infection.””’ The patient grew rapidly worse, developed the symptoms of lung 
abscess, and died two months after entering the hospital. The auotpsy con- 
firmed the diagnosis of carcinoma compressing the left lower bronchus. 


The pleurae may be the seat of primary cancer, but far more commonly 
they are secondarily involved by metastases or by direct extension. 
Often, when the patient first consults the physician and complains of 
pain and shortness of breath, a pleural effusion is discovered. It is then 
frequently impossible to tell by physical or roentgen-ray examination 
what may be the condition of the lung beneath. Absence of fever, an 
insidious onset, severe pain, disproportionate shortness of breath may 
arouse suspicion, but at first the disease is usually diagnosed as tubercu- 
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losis, and to distinguish between the two possibilities may be extra- 
ordinarily difficult. As examples: 


A white woman, 72 years of age, entered the Johns Hopkins Hospital (Unit no. 
48,454, service of Dr. Longcope), complaining of cough and shortness of breath. 
Her symptoms had begun insidiously four months before, with a wheezing 
cough, and later she was short of breath on exertion. There had been gradual 
loss of strength and weight. The examination revealed the signs of pleural 
thickening and pleural effusion over the lower part of the left chest. In the 
right axilla there was a freely movable, subcutaneous tumor which was un- 
doubtedly a lipoma. It was impossible to decide from these data whether the 
lesion was tuberculous or carcinomatous. The absence of fever was in favor 
of carcinoma, but it is well known that tuberculosis may progress in the aged 
with little febrile reaction. Bronchoscopic examination showed a growth 
causing obstruction of the left lower bronchus. The roentgenogram was read 
by Dr. W. Firor: ‘Marked density of midportion and base of left lung with 
pleural thickening. Shifting of mediastinal structures to the left. Probably 
carcinoma.”’ 


A colored woman, 56 years of age, entered the Johns Hopkins Hospital (Unit 
no. 46,957, service of Dr. W. T. Longcope), complaining of pain in the right 
arm, back and left side. She had been taken ill three months before, with 
pain in the elbows and wrists, and soon afterward with pain in the left side 
below the costal margin. She had gradually grown short of breath, and had 
evidently lost weight. The physical examination revealed chiefly (1) the signs 
of thickened pleura and of pleural effusion at the base of the left lung; (2) 
prominence of the spine of the eighth dorsal vertebra; and (3) a deeply situated 
mass in the left upper quadrant of the abdomen. Two hundred centimetres 
of clear fluid were removed from the left pleural cavity, containing 6,000 cells 
per cmm., all lymphocytes. No tubercle bacilli could be demonstrated. 
The blood-count showed a slight secondary type of anaemia. The tempera- 
ture was only a little elevated. The roentgenogram of the spine showed a 
destructive lesion of the 8th thoracic vertebra, which Dr. Baetjer thought was 
tuberculous. The roentgenogram of the chest was read by Dr. Firor: ‘“There 
is a dense shadow at the base of the left lung together with thickened pleura 
and pleural effusion. The appearance suggests carcinoma.”’ The diag- 
nosis, therefore, was either tuberculosis of the lung, pleura and spine, or 
carcinoma of the lung with vertebral metastasis. Since there was an indefinite 
tumor in the upper abdomen some of us suggested the possibility of hyper- 
nephroma. The diagnosis of carcinoma was generally favored. After a month 
in the hospital the patient rather suddenly developed paralysis of the lower 
extremities and of the bladder. At operation Dr. Dandy found an abscess 
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about the spine communicating with the pleural cavity. Microscopical 
examination of the removed tissue demonstrated characteristic tuberculosis 
and many tubercle bacilli were found. 


Primary carcinoma of the lung occasionally occurs as a diffuse miliary 
infiltration. This form of the disease has attracted great interest, and 
the literature on the subject has been collected by J. Wolff. The patient 
usually becomes ill with the symptoms of a pulmonary infection. The 
physical signs are indefinite. The roentgenogram shows a miliary in- 
filtration resembling the mottling of miliary tuberculosis or of a mycotic 
infection. The constitutional symptoms are marked and the disease 
runs a rapid course. Two instances of this type of carcinoma of the 
lungs occurred at the Johns Hopkins Hospital during the past year, as 
follows: 


A white married woman, 57 years of age, came to the Johns Hopkins Hospital 
(Unit no. 41,084, service of Dr. Longcope), January 8, 1932, complaining of 
cough. Six weeks before admission she developed an irritative, paroxysmal 
cough which had become progressively worse. Certain movements and draw- 
ing a deep breath brought on violent attacks of coughing. At the time the 
symptoms first appeared, the house in which she lived was being repaired and 
she thought the cough was due to inhaling dust. The patient was a well- 
nourished woman of good color and healthy appearance. She was quiet and 
comfortable except for frequent paroxysms of irritative cough, during which 
she raised only a little frothy sputum. Over both lower lobes of the lungs the 
percussion note was a little impaired, breath-sounds a little diminished in 
intensity, and scattered moist rales were heard on deep breathing. The roent- 
genogram is reproduced in figure 7. The patient’s cough became more and 
more severe and her respirations rapid, cyanosis deepened, and she grew pro- 
gressively weaker and lost more and more weight. Numerous moist rales 
appeared over both lungs, and here and there were heard patches of broncho- 
vesicular breathing. The woman died of exhaustion, February 19, 1932, one 
month after entering the hospital and about eleven weeks after the onset of 
symptoms. The autopsy disclosed adenocarcinoma of the lung, with metas- 
tases to the lungs, peribronchial, peritracheal and cervical lymph nodes, spleen, 
kidneys and epicardium. 


A white woman, 52 years of age, entered the Johns Hopkins Hospital (Unit no. 
43,510, service of Dr. Longcope), complaining of pains all over the body and 
blood-spitting. One year before she had noticed shortness of breath on exer- 
tion, and some time later began to cough and to raise blood-streaked sputum. 
She was an emaciated, anaemic woman. There were dulness, intensely tub- 
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ular, almost amphoric, breath-sounds and a few rales over the top of the right 
lung. Although the patient left the hospital and the subsequent course of 
events is unknown, still the clinical evidence leaves no doubt that she had 
pulmonary carcinoma. The roentgenogram (figure 8) is interesting because it 
strongly suggests tuberculosis. Dr. Pierson comments upon the plate as fol- 
lows: “There is widespread miliary infiltration of the lungs. In the right upper 
lobe there is a wedge-shaped area of density. The weight of evidence is in 
favor of tuberculosis, but carcinoma cannot be definitely ruled out.” 


The symptoms of carcinoma of the lungs are not different from those 
of other pulmonary affections. However, they often differ in quality, 
in intensity and in their combinations. The chief symptoms are cough, 
pain, dyspnoea and haemoptysis. Cough is almost always present and 
is usually the first symptom. Since most lung cancers are bronchogenic, 
cough in the beginning is usually due to bronchial irritation or obstruc- 
tion. The cough is dry and irritative, occurring often in paroxysms, and 
sometimes in paroxysms of great severity. It may be accompanied by 
wheezing or stridor. Less often the cough is nothing more than a fre- 
quent hack, which may be disregarded by the patient or be ascribed to 
smoking. No sputum is raised, or perhaps only a small amount of 
frothy, serous material. Mucopurulent sputum comes at later stages, 
when infection of the surrounding lung tissue occurs or the tumor becomes 
necrotic. 

Pain is usually complained of, often as the cough begins, and sometimes 
even before there is cough. The pain is different from the pain of pul- 
monary inflammation. In inflammation pain is due mostly to pleural 
involvement, but in cancer pain may be present long before the pleura is 
affected. It is a deep, dull, constant pain, without the respiratory accen- 
tuation of pleurisy. At later stages pain may be due to pleural involve- 
ment, to pressure upon nerves or to bone metastases. 

Dyspnoea is a conspicuous symptom of lung cancer. At an early stage 
it may be out of proportion to the extent of pulmonary involvement; 
and this finding, when present, should always make one think of the 
possibility of cancer. Patients may complain of difficulty in breathing 
at a time when the physical examination of the chest reveals no abnor- 
mality and the roentgen-ray shows but slight changes in the lungs. 
Later, dyspnoea is increased by bronchial obstruction, extensive pul- 
monary infiltration and pleural effusion. 

Haemoptysis occurs frequently with cancer of the lung; but in early 
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stages it is usually slight, and often no more than streaking of the sputum. 
Later, small haemoptyses of from 20 to 50 cc. are common. Large 
haemorrhages, sometimes even fatal, may occur, but they are rare. 
Small, frequently repeated bleeding is more characteristic of carcinoma 
than is a single large haemorrhage. 

Anaemia, loss of weight, and weakness come at late stages of the dis- 
ease. A great variety of symptoms is caused by infiltration of neigh- 
boring structures and by metastases. Hoarseness is common, due to 
pressure upon the recurrent laryngeal nerve. Dilatation of superficial 
veins indicates pressure upon the mediastinal veins; difficulty in swallow- 
ing, pressure upon the oesophagus; inequality of the pupils and en- 
ophthalmos, pressure upon the cervical sympathetic ganglia. Clubbing 
of the fingers is observed now and again, and occasionally a striking 
degree of pulmonary osteoarthropathy. 

Fever deserves to be mentioned on account of its importance in diag- 
nosis. It is always present at late stages of the disease and sometimes 
at earlier stages as well. At early stages it is usually inconspicuous, not 
over 100° or thereabout; at late stages it is often much higher. The 
presence of fever frequently dissuades physicians from considering the 
possibility of carcinoma. 

There is nothing peculiar about the physical signs of lung cancer, 
although a certain combination of signs may be suggestive. A deep- 
seated tumor may give no signs whatever. An infiltrating mass may 
give the signs of pulmonary consolidation. Pleural effusion frequently 
occurs, and when it is present obscures the recognition of what may be in 
the lungs beneath. It is well to remember that at late stages of pul- 
monary cancer the symptoms and signs that may be present are due 
more to the changes in the lung caused by secondary infection and bron- 
chial obstruction than by the growth itself. Nevertheless, certain com- 
binations of physical signs may suggest a tumor of the lungs. Retraction 
and immobility of the affected side are more pronounced than in other 
pulmonary diseases. In inflammatory lesions exudation into the lung 
leaves the bronchi patent. The physical signs of such consolidation are 
dulness, tubular breathing, bronchophony, and usually moist rAles. 
Carcinoma invades all structures in its path, closing off the bronchi as it 
proceeds. The physical signs of such consolidation are marked dulness, 
diminished intensity of breath-sounds and voice-sounds, and usually few 
or no rales. These statements are in a way schematic, for in practice 
many exceptions to them occur. 


DIAGNOSIS OF CARCINOMA OF LUNG 


DIFFERENTIAL DIAGNOSIS 


Carcinoma may simulate any other disease of the lungs, and to distin- 
guish between them is often difficult. The early symptoms may suggest 
a mediastinal tumor. When the lung is invaded, tuberculosis, mycotic 
infection, syphilis and bronchopneumonia may be imitated. When 
abscess, bronchiectasis or empyema occur, these complications may be 
attributed to other causes. 

Mediastinal Tumors: If bronchial obstruction is the earliest symptom, 
compression from a mediastinal tumor must be considered. Aneurysm, 
lymphosarcoma, Hodgkin’s disease, secondary carcinoma of the medi- 
astinal lymph nodes, benign growths must be excluded. At later stages 
stridor, paralysis of the recurrent laryngeal nerves, and Horner’s syn- 
drome may still more strongly suggest a mediastinal growth. Hodgkin’s 
disease may at times cause but little enlargement of the mediastinal 
lymph nodes and produce pleural effusion or a curious pulmonary infil- 
tration that resembles carcinoma. 

Figure 9 illustrates the roentgenogram of 


a young man, 30 years of age, who exhibited the characteristic clinical features 
of Hodgkin’s disease (Unit no. 15,251, service of Dr. Longcope). It shows 
numerous small areas of consolidation at the base of the right lung and little 
enlargement of the mediastinal lymph nodes. After treatment with radium 
these areas of consolidation decreased in size; when radium treatment was 
stopped they again grew larger. 


Figure 10 reproduces the roentgenogram of 


a man, 64 years of age (Unit no. 1,939, service of Dr. Longcope). His illness 
began four months before he entered the Johns Hopkins Hospital with sudden 
severe pain in the left shoulder. He had had cough for many months, how 
many could not be definitely decided, but probably for some time before the 
pain came on. The pain steadily increased in severity, the cough grew worse, 
the sputum was often streaked with blood, and there had been loss of weight 
and strength. Examination revealed a large area of consolidation in the left 
upper lobe. The roentgenogram, as you see, shows a large mass with a clear- 
cut fluid level. The walls about the cavity contain many areas of increased 
density, suggesting the presence of solid masses in the wall. The roentgen-ray 
diagnosis was dermoid cyst and an exploratory operation was performed. At 
operation the mass proved to be a broken-down cancer. Subsequently autopsy 
demonstrated a squamous-cell carcinoma of the lung. 
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Tuberculosis is the commonest chronic infection of the lung and is more 
often confused with carcinoma than is any other disease. When the first 
symptom of carcinoma is a pleural effusion the distinction between the 
two is particularly difficult, as has already been illustrated. When the 
carcinoma infiltrates the lung it may closely simulate pulmonary tuber- 
culosis. In both there may be fever, cough and sputum, wasting and 
the signs of consolidation. Usually there is more fever and less pain in 
tuberculosis. An absence of rales is in favor of carcinoma. In advanc- 
ing tuberculosis tubercle bacilli are seldom absent from the sputum on 
repeated examination. 


Fic. 9 Fie. 10 


For EXPLANATION OF FIGURES SEE TEXT 


Mycotic infection of the lung is fortunately a rare disease in this coun- 
try. However, the occasional instances that come to our notice, par- 
ticularly infections with streptothrix and actinomycosis, may resemble 
carcinoma. 

Syphilis too is a rare disease of the lung. Occasionally it may have 
the appearance of carcinoma. For instance, 


a married housewife, 34 years of age, entered the Johns Hopkins Hospital 
(Unit no. 46,164, service of Dr. Longcope), complaining of cough and blood- 
streaked expectoration. The examination of the lungs was negative but the 
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roentgenogram (figure 11a) showed a small circumscribed circular shadow in 
the lower lobe of the right lung. This has, as you see, the appearance of a 
metastasis. A thorough search failed to disclose the presence of a primary 
growth elsewhere in the body. The Wassermann test was strongly positive 
and, following antisyphilitic treatment, the shadow (figure 11b) rapidly 
dwindled, and, at the end of five months, it had almost disappeared. This 
evidence does not positively prove that the lesion was syphilitic but it does 
make the diagnosis highly probable. 


The clinical manifestations of carcinoma often begin and proceed with 
symptoms suggesting a mild bronchopneumonia or a localized pulmonary 


Fic. ila Fic. 11b 


For EXPLANATION OF FIGURES SEE TEXT 


infection. I recall a number of patients who stated that their illness 
began acutely with a cold followed by bronchopneumonia which had not 
resolved. Undoubtedly in most of these patients less prominent symp- 
toms must have occurred before the more conspicuous ones came on. 
However, the patients ignored them or else they forgot them, remember- 
ing only the serious manifestations. 

Pulmonary suppuration occurs frequently at late stages of carcinoma, 
and often the symptoms of suppuration usurp the foreground of the 
clinical picture and carcinoma is unsuspected. Pulmonary abscess or 
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empyema may be diagnosed and carcinoma be discovered only at autopsy. 
A remarkable instance was under my observation a few years ago,—to 
wit: 


A salesman, 40 years of age, consulted me (Record no. 6,656) on October 13, 
1924, complaining of abscess of the lung. His symptoms had begun in August, 
1922, with what was described as an attack of bronchopneumonia. He never 
regained his health after this illness. He continued to cough and to raise 
abundant mucopurulent sputum and he rapidly lost weight and strength. In 
January, 1924, following an attack of pleurisy he entered Sinai Hospital, 
Baltimore, where, after a thorough investigation, a diagnosis of empyema was 
made. At operation, February 29, 1924, empyema was not found; but in 
probing about the probe entered a lung abscess which was opened and drained. 
The slight fever he had previously been having then disappeared, and he 
gained weight and began to improve in every way. However, in the following 
June fever came on again and soon the man had lost all he had previously 
gained. At the end of July there was some bulging about the scar of the 
operation wound. Finally the scar broke open, and a large amount of pus was 
discharged. The patient’s fever again disappeared. At the time I saw him 
the wound was still draining, and he had very little cough and no sputum. 
He was a sallow, pale, sparely nourished man who had evidently lost much 
weight; and he showed some retraction of the right side with limitation of 
motion. The percussion note was flat below the 4th rib in front and below the 
7th dorsal spine in back,. while breath-sounds were absent over this area. 
Along the 10th rib lay the scar of the operation wound, and at one point there 
was a sinus discharging green pus. The man’s fingers were slightly clubbed. 
Acting under the assumption that the patient had an abscess of the lung which 
was draining unsatisfactorily, I urged him to enter a hospital and submit to a 
more radical operation. This he refused to do, preferring to continue with less 
radical treatment. Things went on reasonably well until the end of February, 
1925, when he was taken ill with chills, high fever and sweats. The sinus was 
draining poorly. On March 2 he entered the Johns Hopkins Hospital (Surgical 
no. 65,260), where he was operated upon by Dr. R. T. Miller and ample drain- 
age of the right pleural cavity was established. After operation the fever and 
leucocytes rose, and examination revealed a pericardial effusion. The peri- 
cardium was opened and drained of a purulent exudate. Cultures showed a 
pure growth of Streptococcus haemolyticus. There was slight temporary im- 
provement in the patient’s condition, but a few days later he died of intoxica- 
tion and exhaustion. The autopsy showed squamous-cell carcinoma of the 
lung, with cavity-formation and perforation into the pericardium. 


DIAGNOSIS OF CARCINOMA OF LUNG 


EARLY DIAGNOSIS 


I began this discussion of the diagnosis of pulmonary carcinoma by 
pointing out that the chief aim of diagnosis is to recognize the disorder 
early, so that we may be prepared to take advantage of the rapidly 
improving technique of surgical procedure. Lobectomies and pneumo- 
nectomies are now being performed at many medical centres and often 
with astonishing success. Surgeons stand ready to attempt the removal 
of cancer of the lung if physicians will send them reasonably early cases. 
However, instead of illustrating how to make an early diagnosis I have 
only rehearsed the well-known criteria for distinguishing carcinoma from 
other pulmonary affections. Unfortunately, I could not do otherwise, 
for I frankly confess that I do not know how to make an early diagnosis. 
I can surmise how it might be done, but in all of my experience I have 
never seen it done. Occasionally a small bronchial cancer may be recog- 
nized through the bronchoscope but nearly always the growth is already 
well advanced when the patient presents himself for examination. A 
consultant will never see an early lung cancer until the family physician 
is alert to the possibility of early diagnosis. The symptoms at an early 
stage must be almost negligible, and, unless one is suspicious of even 
trifling symptoms and keen to follow up the suspicion with persistent 
investigation, an early diagnosis will never be made. There is good 
ground for the belief that the duration of life after the beginning of car- 
cinoma of the lung is much longer than we are accustomed to judge. If 
we estimate the duration of life from the time to which patients date their 
earliest symptoms, then the duration averages from six months to two 
years. However, there are instances recorded of patients living from 
five to seven years after the tumor has been recognized. The conditions 
seem to resemble those of carcinoma of the stomach. Often symptoms 
appear only when the growth has already reached a large size. 

Figure 12a is the roentgenogram of 


a man, 45 years of age, who came to the Outpatient Department of the Johns 
Hopkins Hospital (Unit no. 46,675, service of Dr. Longcope) on June 17, 1931, 
complaining of double vision. He stated that he had had cough and expectora- 
tion for many years. For some time in February, 1929, he saw double. In 
May, 1931, he took cold and two days later had a chill. His physician found 
consolidation in the left lung and made a diagnosis of pneumonia. During 
convalescence from the pneumonia the patient’s double vision again appeared, 
and this disturbance of vision, not the cough, brought him to the hospital. 
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Examination of his chest showed marked emphysema, as well as bronchitis and 
dulness, harsh breath-sounds and numerous moist rales over the right lower 
lobe. What was thought of the circular shadow projecting into the left lung 
is not stated, but it is commented upon in the report of the roentgenogram, 
when the roentgenologist regarded it as a cyst or carcinoma. A year and a 
half later, on November 30, 1932, the patient returned to the Dispensary, 
stating that his cough had got worse, that he was very short of breath and that 
he had pain about the heart. The second roentgenogram (figure 12b), taken 
on that date, showed a great increase in the size of the tumor present a year 
and a half before. It was impossible to say when the carcinoma began, but it 
had reached a large size in June, 1931. Nevertheless, had the patient been 


Fic. 12a Fic. 12b 


For EXPLANATION OF FIGURES SEE TEXT 


seen for the first time in November, 1932, I am sure we would conclude that 
symptoms from the tumor had been present for less than a year. 


If we are ever to make an early diagnosis of cancer of the lung, our 
attention must be focused upon slight symptoms. Suspicion should be 
easily aroused and, once suspicion is aroused, careful investigation may 
now and again be rewarded. A persistent and unexplained cough, no 
matter how trivial, in a person over forty years of age should render 
the patient “suspect.” If the cough persists, and especially if it be a 
dry irritative cough, and more especially still if it occurs in paroxysms the 
suspicion is strongly confirmed. If, in addition to this, there is pain then 
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we are justified in making a presumptive diagnosis of-carcinoma. The 
bronchoscope and the roentgen-ray will be our most valuable aids to 
further investigation. The physical examination will be less helpful, 
but in making the physical examination we must be attentive to the 
slightest alterations. An area of diminished breath-sounds may be very 
suggestive. When grossly abnormal physical signs are present, the 
tumor is usually beyond the successful reach of surgery. 

When we consider the location of tumors of the lung, the long periods 
during which they may give no symptoms and their inaccessibility to our 
methods of examination, then we must realize that it is vain to hope that 
we will detect them all at an early stage. When they are recognized 
most of them will no longer be operable. Nevertheless, if we succeed 
only occasionally in making an early diagnosis our efforts will be suffi- 
ciently rewarded. 
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SARCOID OF BOECK (BENIGN MILIARY LUPOID) AND 
TUBERCULIN ANERGY 


Report of a Case and General Remarks! 
MARION B. SULZBERGER 


Most observers are at present in agreement in classifying tuberculous 
skin manifestations into three more or less well-defined groups. The 
classification suggested by Lewandowsky (1), J. Jadassohn (2) and 
Martenstein (3) and now generally accepted is as follows: 


I: The true tuberculoses (of which lupus vulgaris, scrofuloderma and ¢uber- 
culosis verrucosa cutis (anatomical tubercle) are the most important); 

II: The tuberculides (of which lichen scrofulosorum, rosacea-like tuberculide 
of Lewandowsky, erythema induratum Bazin and papulonecrotic tuberculides 
are the most important); and 

IIT: The sarcoid group (of which sarcoid of Boeck, sarcoid of Darier-Roussy, 
lupus pernio and lupus miliaris faciei are the most important). 


A closer scrutiny of these tuberculous conditions reveals a fact 
(certainly at first astonishing to the uninformed) that in only a small 
number of the tuberculoderms are the generally accepted classical 
characteristics of tuberculosis easily demonstrable or to be found with 
regularity. While in the first group the presence of bacilli and the 
histological demonstration of tubercles is the rule, and while this holds 
true as well for some of the second group (lichen scrofulosorum), the 
remaining tuberculoderms are not generally characterized by the pres- 
ence of both of these proofs; yet the remaining arguments for their 
tuberculous nature are sufficiently strong to be accepted as proof by the 
vast majority of serious students of this problem. 

In some conditions, even though neither bacillus nor tubercle is readily 
found (many cases of papulonecrotic tuberculides, of erythema induratum 
Bazin, etc.), there is no valid dissenting voice concerning a tuberculous 
aetiology, while in others (notably the sarcoids), though some few may 
not yet be convinced, the vast majority of observers are agreed that 


1 Read at a Conference on Tuberculosis, National Variety Artists Sanatorium, Saranac 
Lake, New York, May 29, 1932. 
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they are due to Koch’s bacillus or to its products. I believe that in most 
cases of sarcoids this may be regarded as an established truth. Through 
careful study of the development of this viewpoint and analysis of the 
arguments and steps which have led to this conclusion concerning skin 
manifestations which were not originally described or considered tuber- 
culous, one realizes how strong are the arguments in favor of the 
tuberculous aetiology of the sarcoids. I cannot recapitulate these facts 
here, but refer to the article of Volk (4) in Jadassohn’s Handbuch der 
Haut- und Geschlechiskrankheiten concerning these points. Suffice 
to say that an attempt to deny the tuberculous aetiology of sarcoids would 
represent a decided step backward and a denial of the conclusions reached 
through years of study and experiment by trained observers. 

The keynote to an understanding of the seeming paradox (tuberculous 
lesions without either demonstrable tubercles or tubercle bacilli) is 
offered by the application of the allergic concept. The number of bacilli 
to be found in a lesion and the type of histological response (tubercle, 
epithelioid cells, lymphocytes, banal inflammation, etc.) are dependent 
upon the forces of resistance at play upon the microérganisms and, vice 
versa, at the site of the lesion; and these forces of resistance are the re- 
sultants of several factors, one of the most important of which is the 
immunological response, or allergy. This rule holds true not only in 
tuberculosis, but in other infectious diseases, and explains the different 
phases of disease as seen, for instance, in primary, secondary, tertiary and 
meta-syphilis. The frequently dominant réle of allergy in the deter- 
mination of histological morphology and destruction of microérganisms 
also explains, first, why we can often find typical tubercles in nontuber- 
culous conditions (leprosy, syphilis, trichophytia profunda, acne rosacea, 
foreign-body reactions, etc.); second, why tubercles may be lacking in 
tuberculosis (sarcoids, lupus pernio, erythema induratum Bazin, papulo- 
necrotic tuberculides, etc.); and, third, why the number of organisms 
is so variable in different stages or manifestations of the same disease 
(primary and secondary syphilis as compared with gummata, nodular, 
anaesthetic and tuberculoid leprosy, the different forms of the tubercu- 
loderms, etc.). 

The allergic factor which is then of such great importance as the 
determinant of the clinical appearance, of the clinical course, and of the 
histological structure and the number of bacilli, can in many cases be 
demonstrated by means of skin tests with the extracts of the respective 
bacilli. Although it would be an error to hide the many discrepancies, 
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contradictions, inexplicable findings and unknown gaps met in such 
investigations, such tests have thrown much definite light on allergy in 
many infectious diseases (syphilis, leprosy, etc.), and have met with 
relatively greatest success in the tuberculoderms in particular. In 
fact it may be stated that the results of these tests with tuberculin are 
one of the essentials forming the basis of the newer classification of the 
tuberculoderms and form an important argument among those speaking 
for the tuberculous aetiology of many of these skin diseases. 

If skin allergy is an important factor in determining the formation of a 
sarcoid, for instance, it is to be expected that the skin reactions of pa- 
tients with sarcoids will be, in a certain sense, typical, and constitute a 
variation from the norm or usual allergic response. 

This has been proved to be the case, by means of quantitative, 
graduated intracutaneous tests with tuberculin. Martenstein and Noll 
(5) and others have succeeded, first, in demonstrating that normal city 
adults, practically all of whom may be considered as having undergone a 
primary tuberculous infection, begin reacting to tuberculin at about the 
concentration of 1:5,000 Old Tuberculin Koch (78.5 per cent are positive 
at this concentration). It has also been established that the skin tuber- 
culoses, the tuberculides and the sarcoid group frequently vary from 
this normal skin reaction and thus evidence a changed or allergic skin 
reaction to products of the bacillus. I do not propose to discuss these 
variations further at this point, nor to discuss the many problems and 
observations here involved, including the demonstration of anti- and 
procutines. For these points, I must refer to the original articles 
(Martenstein and Noll (5), W. Jadassohn (6)) and to Volk’s (4) chapter 
in Jadassohn’s Handbuch, as well as to the brief English recapitulation 
by Sulzberger and Wise (7)). Suffice to say here that while patients 
with some of the diseases mentioned (notably the scrofuloderms, lichen 
scrofulosorum, and rosacea-like tuberculides) are much more sensitive 
to tuberculin than the norm, those having other types of tuberculoderms 
are distinctly less sensitive than normal individuals and react only to 
high concentrations, or not even to these. Thus, while certain tuberculo- 
derms are classed as /Ayperergic, the allergy has in others progressed 
almost to the stage of desensitization and they form a relatively or com- 
pletely anergic group. While it is to be remembered that this statement 
does not apply to the individual case, but only to a group when investi- 
gated in this manner and taken by and large, it is nevertheless a strik- 
ing truth that a group of patients with sarcoids is much less sensitive to 
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tuberculin than a group of normal individuals of the same community, 
under the same conditions and of the same age. Or, to state the fact 
differently, while certain tuberculoderms (lichen scrofulosorum, etc.) 
are more sensitive to tuberculin than the norm, that is, they are hyper- 
ergic, others, notably the sarcoids, are less so and constitute the relatively 
anergic group. It must at once be apparent to all acquainted with the 
correlations of the immunological phenomena of fyper- and hypo- 
sensitization, that both these aberrations from the norm are to be 
considered as related immunological phenomena, that both evidence a 
change from the mormergic reaction and that both speak, to a certain 
degree, in favor of the tuberculous aetiology of the disease under investi- 
gation. I must omit the further elucidation of this point and confine 
myself to the statement that no other equally satisfactory explanation 
of this type of anergy can be offered at present. It is most logical to 
assume that the anergy observed is an evidence of immunization and 
in direct connection with the sarcoid type of reaction. The many 
additional arguments which speak in this direction are set forth in the 
above-mentioned literature. 

The consideration of all the facts outlined leads to the following 
conclusion: The normal course of tuberculous disease, consisting of a 
primary infection followed by adequate resistance and quiescence of the 
process, as evidenced by the majority of individuals, is typified by the 
skin reaching a certain degree of sensitiveness to tuberculin (reaction to 
1:5,000 in approximately 80 per cent). Certain manifest forms of tu- 
berculosis are accompanied by a sensitivity to tuberculin far in excess 
of this norm, while patients with still other forms of tuberculous lesions are 
far less sensitive to tuberculin than normal individuals. In addition to a 
hyperergic form, we must recognize that there exists a form of hypoergic 
or relatively anergic tuberculosis. While this is a proved fact in skin 
tuberculosis, more investigations in this direction are necessary to es- 
tablish it in tuberculosis of the viscera. 

Although the clinical and histological picture, as well as the thera- 
peutics of sarcoids have been well set forth in the English-speaking 
literature (Goeckerman (8), Bernstein, Konzelman and Sidlick (9), 
Allison and Mikell (10)) but few and brief discussions of their connection 
with tuberculin anergy are available (Goeckerman (8), D’Arcy Hart 
(11), Sulzberger and Wise (7)). It is also evident that the internist and 
specialist in tuberculosis have not had the opportunity afforded the 
dermatologist in the consideration of the results of quantitative tuber- 
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culin tests and their relation to the type of lesion in anergic forms of 
tuberculosis. It was not until most recently that the possibility of 
coexistence of internal and pulmonary tuberculoses with this type of 
anergic skin reaction has been mentioned in the literature of internal 
medicine (Loeffler (12)). 

For this reason, the following typical case of sarcoid of Boeck, both 
of the lungs and skin, together with its tuberculin tests, histological 
findings and course, has seemed to me worthy of report, and to offer 
an opportunity of illustrating some of the points mentioned to an au- 
dience of eminent specialists in tuberculosis. 


Report of Case 


Mrs. Dora W., aged 42, consulted Drs. Wise and Sulzberger in April, 1932, 
on account of skin lesions of five years’ duration. These had been gradually 
increasing, in both size and number. Otherwise in good health and good 
nutrition the patient had no further complaints except that she “felt tired.” 
Family and personal histories were both negative in regard to the present 
complaint. The skin lesions consisted of sharply circumscribed, slightly ele- 
vated, round and polycyclic plaques, varying from small pea to small orange in 
size. They were fairly hard and elastic, and of a purple-brownish hue. They 
seemed to be in the cutis and subcutis, and the epidermis, while fixed to them, 
showed no scaling or vesiculation and no change beyond that of color. Many 
of the roughly round or oval larger lesions had slightly elevated borders and 
depressed central areas in which signs of atrophy and teleangiectasia could be 
seen. Some showed small pinhead-sized brownish and pinkish-yellow stippling 
on diascopic pressure. Involved areas were neither painful nor sensitive. 
Seven such lesions of varying size were scattered on the forearms; there was one 
anterior to and on the right ear, involving the scalp, forehead and tragus, and 
one on the left cheek, while two large lesions were on the back. 

At the first examination I made the diagnosis of sarcoid of Boeck (miliary 
lupoid). 

The general examination revealed no changes except those of the skin and 
the following pulmonary findings: While the results of auscultation and per- 
cussion were normal, the radiograms of the chest showed marked and wide- 
spread changes which were described by the roentgenologist as follows: 


Examination of the thorax shows a marked degree of lymphoid nodulation at the hilus 
with pronounced, secondary root branch and central bronchial thickening. There is, in 
addition to the foregoing, a chronic, productive, peribronchial infiltration (chronic broncho- 
pneumonic) more or less throughout both lungs, but especially marked in the upper lobes 
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and on the right side, interspersed with numerous, small, miliary nodules, suggesting a chronic 
tuberculous pneumonia 


Fic. 1. Patient D. W. Sarcoid of Boeck. Clinical picture of lesions on right forearm 


As above noted the patches of confluent, parenchymal infiltration are especially marked 
at the terminus of the upper right intercostal branches. The central infiltration throughout, 
however, is quite prominent 

Diagnosis: Chronic tuberculous pneumonia, 
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On examining the X-ray film of the chest, I could observe the small nodular 
mottling of the lungs, particularly of the middle lobes, which is a characteristic 
accompaniment of many cases of Boeck’s sarcoid of the skin. This has been 
termed Marmorierung by German observers. There were no cystic changes 
in the bones of hands or feet, such as are also frequently found in cases of 
sarcoid (Juengling’s osteitis cystica tuberculosa (4)). 


The histological examination of the skin lesions was carried out on two 
biopsies, one specimen from the back and the other from the arm. As the 


Fic. 2. Patient D. W. Naked epithelioid-cell tubercle with two giant cells, lying within 
the meshes of the compressed fibres of the pars reticularis cutis. Note the practical absence 
of surrounding lymphocytes and of central caseation. 


results were identical, it will suffice to describe only one slide: The epidermis 
shows but negligible changes. It is essentially normal in all its layers, with 
the exception of a few scattered areas of slight oedema, in which the staining 
of the cells is less intense. There is an occasional diapedesis of blood cells 
to be noted. 

The cutis presents a moderate degree of dilatation of the superficial vessels. 
There are a few scattered lymphocytes in the papillary and subpapillary lay- 
ers. In the pars reticularis the connective-fibre bundles are compressed, 
forming a rather widely meshed reticulum. Within the meshes of this retic- 
ulum there are very numerous segregated islands of large cells with a light 
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protoplasm and large, somewhat lightly stained nuclei. On greater enlarge- 
ment, these cells are seen to be epithelioid cells. These are for the greater part 
arranged irregularly, with their long axes all in different directions. In some 
areas, however, they form whorls, while at the periphery of some of these 
circumscribed infiltrations there is a tendency to palisade formation. In 
some of the epithelioid-cell heaps, giant cells are seen. These usually lie at 
the periphery of the nodule and are of Langhans type. There is no lympho- 
cytic wall around these deposits of epithelioid cells, but they are generally 
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Fic.3. PatientD.W. Sarcoid of Boeck. X-ray plate of lung showing bronchopneumonic 
process with typical fine sprinkling of lung. (Sarcoid infiltration,—Marmorierung.) 


immediately bounded by the trabeculated fibres of the cutis. Only very 
occasionally a few sparse lymphocytes are to be found at the periphery of the 
epithelioid-cell nodules. There is no necrosis and no caseation at any point 
in the slide. 

These isolated nodular deposits of epithelioid cells within the meshwork of 
the compressed cutis fibres, without lymphocytic surrounding zone and without 
caseation, are what is known as “naked epithelioid cell tubercles’ and constitute 
the characteristic sarcoid picture. 

Histological diagnosis: Sarcoid of Boeck. 
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Tuberculin tests: A most important finding is represented by the result of 
the tuberculin tests. On April 16 and 23, intracutaneous tests were performed 
with 0.1 ccm. of increasing strengths of Old Tuberculin (New York Board of 
Health). The first injection was of 1:1,000,000 tuberculin in physiological 
saline solution; and the later injections were 1:100,000, 1:10,000, 1:5,000, 
1:1,000, 1:500, 1:100, and 1:10. There was no reaction of any kind to these 
tests. The sites were regularly observed during over two weeks and no change 
was noted. 

For the following supplementary report I am indebted to Dr. George Orn- 
stein who during the summer of 1932 examined the patient repeatedly, 
attempted to demonstrate bacilli in the sputum and repeatedly injected tuber- 
culin (up to full strength, undiluted). All of these procedures led to negative 
results. 

The therapy administered consisted of application of a 10 per cent pyrogallic 
ointment to the lesions of the arms only, while the lesions on the face and back 
received no local treatment. With the codperation of Mr. Robert Wollheim 
of the Nordmark Werke, a rigid salt-poor, vitamine-high diet, with addition of 
K and Ca kations was carried out. 

I last saw Mrs. D. W. on September 23, 1932. Her general health was 
good and all the skin lesions had become decidedly flatter. There was only 
one, on the arm, which still showed definite signs of infiltration, while all the 
others were apparently inactive and atrophic. This result may have been due 


to the therapy (salt-poor, high-vitamine diet and the numerous injections of 


tuberculin). 


I believe that this case brings out some of the points I have mentioned. 
A woman with tuberculous sarcoid of Boeck and typical sarcoid infil- 
trations of the lungs (so closely resembling the lung pictures seen in other 
miliary forms of tuberculosis that all roentgenologists to whom I showed 
the film made this their diagnosis) has a definite, lasting tuberculin 
hyposensitivity or anergy. The histological picture is that which is 
typical in such cases,—naked epithelioid-cell tubercles without many 
lymphocytes and without necrosis or caseation. Furthermore, as was 
to be expected, no bacilli could be demonstrated. 

It is interesting to note that Boeck’s sarcoid, in this case appearing in 
skin and lungs, not infrequently affects other organs. Next to the pul- 
monary changes, the most frequent are the cystic changes in the pha- 
langeal bones, which I have already mentioned as absent in this case. 
The histology of these bone lesions is also like that of the sarcoid in- 
filtrations of the skin. We also sometimes have sarcoids of the spleen 
and liver; and sometimes even a sarcoid iritis. In other words, the 
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sarcoid response, although seen in the skin in an overwhelming majority 
of the cases observed, is not confined exclusively to this organ and Boeck’s 
sarcoid may be considered a systemic tuberculous disease in which the 
various organs react in a typical and specific manner to the attack of the 
tubercle bacillus. It is, of course, not necessarily always true that all 
organs are simultaneously in an identical immunological state, nor that 
all parts of the same organ must react in an identical manner at any 
given time. These variations explain the observations of active tuber- 
culosis of the lungs (progressive and caseating) in some patients with 
sarcoids of the skin and negative tuberculin reactions. They also ex- 
plain the rare cases of lupus vulgaris combined with sarcoid, as well as 
the cases in which a lupus vulgaris spontaneously changes with time into 
a sarcoid of Boeck. All of these examples, though not frequent, have 
been reported and I have also seen such combinations (14). 

There is another observation which seems to merit mention at this 
point, although not directly dealing with sarcoids. In mycosis fungoides 
and in lymphogranulomatosis (the latter now believed by some to be a 
form of tuberculosis (see L’Esperance (13)) lung pictures practically 
identical with those found in sarcoids have been observed, and both of 
these conditions are relatively anergic to tuberculin. (Martenstein and 
Noll (5).) 

In closing, there are several points which I should like to stress. 
First, the case of sarcoid of Boeck here presented is not submitted as 
proof of my statements, but as an illustration of facts gleaned from a 
large and carefully observed group of cases,—those of the literature and a 
few of my own. I cite it because it brings out several cardinal features: 
(1) It demonstrates the clinical and histological features of sarcoids: 
clinically the torpid granulomatous nodules with absence of breaking 
down, with no actual scarring, but with atrophy and only slight tend- 
ency to growth; in other words, the relatively benign course. (2) The 
histology,—the naked epithelioid-cell groups, with only rudimentary 
lymphocytic walls and no caseation. (3) The absence of bacilli. 
(4) The typical fine miliary nodular sprinkling of the lungs in the 
radiogram and the absence of signs and of bacilli. (5) The surprising 
lack of reaction to high concentrations of tuberculin (anergy). 

Concerning this last point, I believe that I shall obviate misunderstand- 
ing if I state that this is by no means true of all cases of sarcoid. I have 
seen several patients extremely hypersensitive to tuberculin. However, 
we all now know that, in the processes of immunization, immunity or 
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hyposensitivity is often achieved via hypersensitivity and that an ex- 
treme hypersensitivity may be just one small step removed from relative 
immunity. It is nevertheless true that, taken as a group, sarcoids are 
less sensitive to tuberculin than any corresponding group of normal 
control individuals and that the hyposensitivity to tuberculin in any 
given case may be taken as a differential diagnostic aid in arriving at 
the diagnosis of sarcoid of Boeck. It is, of course, obvious that neither 
normergy, hyperergy nor hypoergy can be demonstrated without the 
use of the quantitative method (for technique see Sulzberger and Wise’s 
(7) quotation from Martenstein and Noll). As it seems to me to be 
highly probable that there may be forms of internal tuberculosis without 
skin manifestations, but with a skin anergy to tuberculin, and that if 
such exist they, in all probability, are of a different type and have 
different prognoses from the hyperergic forms, such quantitative testing 
should have its place in the general examination of the tuberculous. 
It seems to me too obvious to require further comment that where an 
exact quantitative method is available, one which enables exact dosage 
and scientific procedure, medicine should prefer this method to a purely 
qualitative one (Pirquet). It is surely necessary to make use of the 
essential critique and caution in the employment of the Mantoux pro- 
cedure. As in all other investigations, when dealing with a highly active 
substance, such as tuberculin, only extremely small doses should be 
administered at first. I often give a first dose of 0.1 ccm., dilution 
1: 10,000,000, in cases which I suspect to be hypersensitive or to have a 
focus which could be activated. I believe such a procedure to be not 
only accurate but, if carried out quantitatively, as safe and perhaps safer 
than the usual Pirquet test, in which the amount of tuberculin actually 
penetrating the skin is unknown and probably always equal to or in 
excess of the dose of 0.1 ccm. of the dilution 1: 10,000,000. 

It is the main object of this paper to call attention to the existence of 
hypoergic forms of tuberculosis; to the progress which has been made in 
the study of such forms among the tuberculoderms; and, as a corollary 
thereto, to plead for the universal use of quantitative intracutaneous 
tuberculin tests. I believe it quite possible that the general use of such a 
procedure may clarify now obscure forms of internal tuberculosis and 
will perhaps even yield information of value in classification and prognosis. 
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THE TREATMENT OF INOPERABLE AND POSTOPERA- 
TIVE UROGENITAL TUBERCULOSIS? 


STANLEY L. WANG 


The treatment of inoperable and postoperative urogenital tuberculosis 
is an interlinking of urological treatment with the general and special 
care of tuberculosis. 

It is the rest, fresh air and dietetic treatment of tuberculosis with 
other measures and procedures which have been found useful. The aim 
is to build up the patient’s general health, and at the same time to sup- 
plement the constitutional treatment by treating the local lesions, 
attempting to alleviate the local symptoms and to bring about an arrest 
of the foci of the disease. 

In the care of this kind of patients there are some important practical 
points to consider in determining where and how to carry on the treat- 
ment. First, the treatment must be continued a long time; it has been 
our experience that it may extend into a period of years, which brings up 
the question of the patient’s maintenance during the illness and usually 
necessitates remaining at home for the most part. Second, the care is 
administered most satisfactorily when there is ready access to complete 
urological facilities. Third, many, in fact a large proportion, have no 
active pulmonary disease and this seems to influence them from accepting 
treatment in a sanatorium for pulmonary patients, which, with few excep- 
tions, is the only type of tuberculosis sanatorium available. Finally a 
considerable number return to their former occupations while under 
treatment, returning slowly from part to full time. 

At the Department of Urology (James Buchanan Brady Foundation), 
New York Hospital, this class of patients for several years has been 
treated at a clinic especially for their care and it has worked out satis- 
factorily. The constitutional improvement of most patients has been 
surprising; a good deal has been accomplished in relieving local symptoms 


1 From the Department of Urology (James Buchanan Brady Foundation), New York 
Hospital, New York City. 

2 Read before the Trudeau Society of the Metropolitan Life Insurance Sanatorium, Mt. 
McGregor, New York, December 17, 1932. 
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and at times in healing the local lesions. The clinic is somewhat unique 
and fortunate in that it is devoted entirely to treatment and investigation 
of inoperable and postoperative urogenital tuberculosis as the patients 
are referred from the other sections of the urological department (James 
Buchanan Brady Foundation) after the diagnosis has been established 
and the surgical treatment carried out for the operable cases. Beginning 
in a small way with a few patients, the clinic has steadily grown until 
the attendance at present varies from 20 to 30 patients at each session. 

The plan of treatment now in use has been gradually developed over 
several years. At the onset there was little to pattern after, as there 
were at that time few if any similar clinics. However, since then the 
accumulated experiences have helped to arrive at methods which seem 
to often help and have given a better idea of what results may be ex- 
pected. 

The treatment is administered along two lines, the urological and the 
general and special treatment of tuberculosis. 

The urological treatment varies according to the indications in each 
case, but it may be briefly described as including bladder instillations, 
irrigations and insufflations, fulguration of bladder ulcers, prostatic and 
seminal-vesicle treatments, ureteral dilations and renal-pelvis lavages. 
Following nephrectomy, it is frequently advisable to support the remain- 
ing kidney with a properly fitting kidney belt. Tuberculosis of the 
bladder causes severe inconvenience and suffering, and many remedies 
are utilized in attempting to relieve it. Much depends on the condition 
of the bladder-wall: whether it is widely involved, trabeculated and the 
capacity shrunken. Some patients are unable to tolerate any form of 
local treatment, regardless of the extent of the disease in the bladder. 
Gomenol, in a 2 per cent olive-oil solution, warmed and instilled into the 
bladder with a small soft rubber catheter, sometimes has a good effect; 
also methylene-blue in a one per cent alkaline solution. Intrabladder 
irradiation with mercury-vapor-quartz light, which will be described 
further on, has thus far seemed to be a useful procedure. 

The general or constitutional treatment of tuberculosis, rest, fresh air 
and diet, is prescribed and its importance emphasized to all patients. 
Regular hours in the open air, ventilation of sleeping rooms, and the 
value of systematic periods of rest are explained. The selection of a 
proper diet means much in the regimen. Through a rather lengthy 
period of investigation a method of helping each patient to determine 
which foods seem to be irritating to the diseased urinary tract has been 
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developed, and it has been the means of relieving the symptoms of a 
number of patients. At times the relief of symptoms is remarkable when 
the correct diet is found. The selection of foods and formulating the 
individual diet plan is a very interesting phase of the work, and particular 
attention is paid to it. Recently a dietitian became associated with the 
clinic and it is planned to carry the investigations further. The subject 
of the diet is a large one and there is not enough time to go over it fully 
here. 

Besides the general treatment of tuberculosis other procedures are 
employed, as follows: Tuberculin is used in selected cases. Koch’s Old 
Tuberculin, in the usual serial dilutions, is administered hypodermatically, 
endeavoring to avoid reactions. It is believed that it has a place in the 
treatment of suitable patients. As in ophthalmic and other form of 
extrapulmonary tuberculosis, tuberculin has its supporters, who think 
it is an adjunct to the treatment. The mercury-vapor-quartz lamp is 
very useful. The new super- and the older type of air-cooled lamp and 
the water-cooled or Kromayer lamp are used. Quartz-light therapy is 
almost a specific in the healing of sinuses following nephrectomy and 
epididymectomy for tuberculosis. Patients occasionally come to the 
clinic with sinuses that have been open for several years, and healing 
takes place under light treatment. It is also a routine part of the treat- 
ment to give exposures at regular intervals over the kidney and bladder 
regions, utilizing the heat as well as the light effect of the lamps. Pa- 
tients insist that such exposures are helpful. Since quartz-lamp therapy 
has been so useful externally, it would seem that it would have a good 
effect in bladder tuberculosis if ‘t could be suitably applied within the 
bladder. However we have not been able to utilize it until recently. 

Caulk and Ewerhardt (1) reported the treatment of a patient with 
tuberculosis of the bladder by direct internal irradiation of ultraviolet to 
the bladder, with a specially devised “‘cold” quartz applicator, arranged 
so as to introduce both air and the ultraviolet. About two months ago 
we obtained a mercury-vapor-quartz lamp of the vacuum discharge type, 
with a quartz bladder applicator, manufactured according to our specifi- 
cations, and it is now being used in the treatment of bladder tuberculosis. 
The applicator is of about the same shape as a Brown-Buerger cystoscope 
and approximately 24 French in diameter. There is an extra tube built 
into the quartz, with a circular opening at the distal end and with a 
rubber tube attached to the other end. The tube is for the purpose of 
catheterizing the bladder and, after emptying, air is insufflated to dis- 
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tend the organ before irradiation. Following the treatment an instilla- 
tion can be made through the tube if desired. The applicator is smeared 
with sterile vaseline to deter the irradiation of the urethra except at the 
distal end and sterile liquid petrolatum is used on the part that enters the 
bladder. The instrument has been found to be practical for intrabladder 
quartz-lamp irradiation. As it passes through the urethra easily, the 
bladder can be emptied and then distended with air at one operation, 
with little discomfort to the patient. Several patients are now receiving 
these treatments, and, while not enough time has elapsed to determine 
the value, the results thus far seem encouraging. Exposures up to 20 
seconds are being given, and patients seem to tolerate the treatments as 
well as if not better than other forms of local treatment. A transitory 
reaction occurs with some. Heliotherapy is also included in the plan of 


TABLE 1 
Inoperable urogenital tuberculosis 


NUMBER OF CASES 


LESION 


RESULT 


Bilateral renal tuberculosis 
Bilateral renal tuberculosis 
Bilateral renal tuberculosis 
Bilateral renal tuberculosis 
Bilateral renal tuberculosis 
Testicular tuberculosis 
Epididymeal tuberculosis 


Marked improvement 
Moderate improvement 
Slight improvement 
Doubtful improvement 
Died 

Marked improvement 
Marked improvement 


Prostatic and seminal vesicle tuberculosis Retrograding 


2 
3 
1 
2 
1 
1 
1 
16 


treatment but there are obvious limitations to its usage in the city for this 
class of patients. Internally methylene-blue is prescribed for the relief 
of burning on urination, which is its chief effect. Viosterol and codliver 
oil are also administered. 

In table 1 are the inoperable urogenital tuberculosis patients. They 
were diagnosed as having lesions not amenable to surgery, or in some in- 
stances surgical care was refused. The end-results in this group are not 
as good as with the postoperative patients. The disease in many is more 
extensive, and the sufferings of some of the bilateral renal patients are 
more intense. Nevertheless, considerable relief is often gained. Placing 
them on a carefully thought-out regimen, to which they can and will ad- 
here, at times brings a marked improvement in the symptoms. Changes 
occur slowly, and the disease often tends to take a chronic progressive or 


at 

eal 

A 

f 

| 

i 


750 STANLEY L. WANG 


chronic relapsing course. Treatment to have much effect must be con- 
tinued for a long time. It is well to be cautious about advising patients 
with bilateral renal trouble that they are inoperable, for an operation 
may later be a necessity. The activity may become localized in one 
kidney, accompanied by suppuration, and if the kidney is removed the 
patients may live for several years in reasonable comfort. In two in- 
stances patients had been advised that they were inoperable and, later, 
when the removal of a kidney was imperative to prolong their lives, they 
were not convinced and refused. Both died in a short time. On the 
other hand, there are several among our postoperative series from whom 


TABLE 2 
Postoperative urogenital tuberculosis 


NUMBER OF CASES OPERATION RESULT 


Nephrectomy Marked improvement 
Nephrectomy Moderate improvement 
Nephrectomy Slight improvement 
Nephrectomy Doubtful improvement 
Nephrectomy Retrograding 
Nephrectomy Died 

Nephrectomy and epididymectomy Moderate improvement 
Nephrectomy and epididymectomy Retrograding 
Epididymectomy Moderate improvement 
Epididymectomy Doubtful improvement 
Epididymectomy Retrograding 

Drainage of testicle Retrograding 

Seminal vesiculectomy Died 

Seminal vesiculectomy Slight improvement 


11 
19 
8 
3 
3 
5 
1 
1 
6 
1 
1 
1 
1 
1 
62 


a kidney was removed, knowing that the other kidney was tuberculous, 
and they have got along well. 

In table 2 are the postoperative patients. This group comprises about 
all of the usual types of urogenital-tuberculosis surgical patients. They 
are referred for treatment shortly after their operations or they come to 
the clinic after surgical care at other hospitals. Not infrequently con- 
siderable time has elapsed since their surgery at other hospitals but 
various symptoms persist. The treatment of this group varies widely. 
Some have postoperative nephrectomy or epididymectomy sinuses, some 
iave bladder, seminal-vesicle or prostatic complications , and practically 
all need advice to aid them in regaining their general health. Usually 
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the results of treatment are satisfactory. Diet, light therapy and the 
general upbuilding treatment has its best effect with these patients. As 
soon as it is feasible they are urged to fit themselves back into their 
former work, beginning gradually and continuing their treatment. 

The value of a system of treatment in inoperable and postoperative 
urogenital tuberculosis is somewhat difficult to appraise. One should 
not be quick to ascribe value to treatment, for there are many chances 
for error. The lesions often have long periods of latency, with remission 
of symptoms, and there is a natural inclination to give credit then to 
whatever treatment is being instituted. Most postoperative patients 
tend to improve. Changing the environment and living conditions of 
patients with tuberculosis as a rule is stimulating and induces an increased 
feeling of well-being. However this series of patients seems to be suffi- 
ciently large, and the method has been tried long enough to warrant the 
belief that it is useful. No single measure or procedure can be held 
responsible for improvement when it occurs. It apparently lies in the 
completeness of the regimen and the manner of its adaptation to the 
individual patients. The time element is important, for treatment must 
go on for a long time. Urogenital tuberculosis is a grave destructive 
disease and complete lasting cures are not always to be expected. Res- 


toration of constitutional health, with partial relief of the damage to 
local function, are more often the result, but the maintenance of these 
are worth working for. 
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THE TREATMENT OF PULMONARY TUBERCULOSIS BY 
HYPERPYREXIA 


A Preliminary Report! 
G. R. DUNCAN, E. P. K. FENGER anp A. B. GREENE 


When the treatment is more or less empirical, there is a distinct tend- 
ency to have many types of treatment for a disease. We have applied 
an old form of treatment to tuberculosis, but with an initial premise; so 
* that this treatment is not empirical. It is a well-known fact that the 
tubercle bacillus is thermolabile, and we have attempted to heat the host 
hoping that by this procedure we might damage the parasite (1). 

It occurred to one of us (Duncan) that hyperpyrexia tolerated by the 
host was injurious to certain types of tubercle bacilli, and that the follow- 
ing facts substantiate this premise: It is well known that human and 
bovine types of tubercle bacilli grow and flourish in man (rectal tem- 
perature approximately 99.4°F.) and in guinea pigs (rectal temperature 
approximately 100°F.), while the human type grows poorly and the 
bovine type flourishes in rabbits (rectal temperature approximately 
102.5°F.) ; while neither the human nor the bovine type causes progressive 
disease in birds (temperature approximately 108° to 111°F.) with the 
exception of the parrot (cloacal temperature 101.8° to 104.6°F.*) which 
may be infected with bovine type (2). For many years it has been con- 
sidered that possibly Hodgkin’s disease was the result of avian tubercle 
bacilli, and the recent work of L’Esperance (3) and Doan (4) has empha- 
sized this conclusion. Avian bacilli have been found in guinea pigs but 
do not cause the progressive disease which they do in both rabbits and 
birds. Next, we have noticed clinically occasional cases of improvement 
following pleurisy with effusion with high temperature and most post- 
operative fistula-in-ano cases healing rapidly after a single operation but 
with all cases given hot sitz-baths as postoperative routine. It might be 
well here to state that we believe that fever, seen with a spread, is perhaps 
a protective mechanism of nature and that in those cases which spread 
without fever the prognosis is often poor. Finally, Koch in his original 

1 From Glen Lake Sanatorium, Oak Terrace, Minnesota. Received for publication, Janu- 


ary 18, 1933. 
2 These temperatures were taken by us on four different species of parrots varying in size. 
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paper on the aetiology of tuberculosis stated that his cultures would not 
grow above 42°C. (107.6°F.) but would grow between 30 and 41°C. (5). 

With the exception of our first observed case, the cases were selected 
from the group of far-advanced pulmonary tuberculosis, which had had a 
long trial of bed-rest and were not improving under this regimen. In 
itself, this, of course, gives the group an exceedingly bad prognosis. 
Collapsed pulmonary cases and bone-and-joint cases were excluded. 
Since 1916 to 1931 inclusive, the percentage of dead-in-residence of cases 
discharged from Glen Lake Sanatorium for the far-advanced group has 
been 50.41 of 2,047 cases. This mortality rate rises to 54.24 per cent of 
1,685 cases when collapse-therapy cases have been excluded from the 
group. Then we are treating certain of the patients of this group, who 
are stationary or have a tendency to retrogress, with a 54.24 per cent 
mortality in residence, and who have proved unsatisfactory with other 
forms of treatment. The first case was far-advanced, becoming worse 
under full-time work. The remaining cases had atrophic muscular 
development as a result of living a markedly reduced existence as far as 
physical exertion was concerned. Accordingly, these were poor risks for 
any violent elevation of temperature. 

Whether the temperature of the patient is elevated by either toxic or 
mechanical means did not seem important, so long as the desired rise was 
secured and the amount and duration of the fever under the control of 
the operator. Temperature is lowered by an evaporation of sweat, 
respiration, excretion, and radiation and conduction. By the toxic 
method, one has no control of the cause and it is not necessary to control 
the attempts of the body to cool itself. With the mechanical method, 
regard must be given to the evaporation of sweat, when using either short 
radio waves, diathermy, or baths. We, up to this time, have used hot 
baths. All but the patient’s head has been submerged, thus controlling 
the evaporation of sweat. This method is well under the control of the 
operator. 

The possible dangers of treatment have been haemorrhage, heat-stroke, 
fainting and exhaustion. If the temperature were only slightly raised, 
it is possible that in bovine tuberculosis the disease would benefit very 
little by the treatment. Theoretically the treatment is not applicable to 
avian tuberculosis. 


Cases 


1: G.R. D., 29 years, white,male. Symptoms date back to 1924, when patient 
had low vital capacity; small but repeated haemorrhages in 1929; and has lost 
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Fics. la and 1b. Comparison of films made on September 3 and September 19, 1932, 
showed slight resolution of the infiltration throughout the left lung. There has been moderate 
resolution of the infiltration in the right lung at the level of the 1st and 2nd interspaces 
anteriorly, with slight resolution throughout the remainder of the right lung. 

Fics. 2a and 2b. Films, made December 5, compared with those of December 15, 1932. 
There has been moderate resolution of the infiltration in the right lung at the level of the 1st 
and 2nd interspaces and also at the level of the 3rd and 4th interspaces anteriorly. There has 
been a slight resolution of the infiltration at the level of the 3rd rib anteriorly on the left. 
(Film taken December 15 was slightly cone-cut at the right base. There was no fluid.) 


thirty pounds in weight in the last three and one-half years. In 1927, on 
routine chest-film, diagnosis made of far-advanced pulmonary tuberculosis, 
extending to 3rd rib anteriorly on left and 2nd rib anteriorly on right. These 
lesions have gradually increased over last five years; and on September 3, 1932, 
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they extended to the 4th i.s. on left and the 5th rib anteriorly on right. No 
definite evidence of cavitation. This represents the last reading before hyper- 
pyrexia treatments were instituted. 

Patient took series of baths, beginning September 3, 1932, ten over period of 
twelve days. Temperature raised by mouth to between 192° and 103°F. 
three times; between 103° and 104°F. three times; and between 104° and 104.6°F. 
four times. Thermocouple rectal temperatures taken with last few baths, 
and temperature maintained between 104° and 104.6°F. for one hour at last 
bath. 

Films of chest, September 19, 1932, compared with those of September 3, 
1932, showed slight resolution throughout left and right lungs save at 1st and 
2nd i.s. anteriorly on right, where had been moderate resolution. The films of 
September 19, 1932 compared with films of November 2, 1932, showed slight 
resolution throughout lesions on both sides and particularly at right ist and 
2nd is. Films made January 5, 1933, compared with those of November 12, 
1932, showed slight resolution on the right side at ist i.s. and at ist and 2nd 
i.s. on left (figure 1.) 

Patient was kept more or less in bed for one month following treatments and 
then returned to full-time work. There has been a gain of 12 lbs. and patient 
has less malaise than previously. 


2: P. S., 47 years, white, male. Symptoms date back to 1927 from which 
time until admission, July 26, 1928, patient has lost 40 Ibs.; had had several 
haemorrhages; and was raising 2 oz. of sputum daily. Gained back his weight 
on residence. At one time showed few red cells in urine. Sputum positive 
almost consistently, Gaffky IX the highest. Admitted as far-advanced (B) 
case of pulmonary tuberculosis with tuberculous laryngitis. This later im- 
proved during residence. Developed tenosynovitis of the left wrist January 
25, 1930. Removed surgically and positive section for tuberculosis April 20, 
1931. 

Admission X-ray showed disseminated exudative tuberculosis, involving 
entire right lung and to 5th rib anteriorly on left. No evidence of cavitation. 
During last four years patient has cleared right lung to 3rd rib anteriorly, and 
lesion has become fibrotic. Small cavity at 1st rib on right side. Infiltration 
on left side now extends to base, and lesions more confluent than four years 
ago. There is one cavity, 8 x 33 cm. from 2nd i.s. to 5th rib, and multilocular 
cavitation near hilum. Films taken November 22, 1932, showed slight resolu- 
tion on left at 2nd and 3rd i.s., but slight increase at base of this lung. Right 
lung showed no change. 

On November 23, 1932 patient started on hyperpyrexia treatments. Tem- 
perature by mouth was raised to between 102° and 103°F. once, to 103.8°F. 
four times, and to between 104° and 104.6°F. five times. Maximum pulse rate 
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156. No attempt made to maintain temperatures at higher levels. One bath 
was given daily and series completed December 2, 1932. 

Films taken December 2, 1932, compared with those of November 22, 1932, 
showed slight resolution of infiltration at base of left lung and slight resolution 
and fibrosis on right side at level of 1st and 2nd i.s. anteriorly. Films taken 
January 5, 1933, compared with those of December 2, 1932, showed no change 
on right but moderate resolution at left base. Cavitation remained the same 
throughout series. Patient has gained 2 lbs. Still raises 2 oz. Gaffky-IV 
sputum. Now in second series of treatments. 


3: A. M., 39 years, white, male. Symptoms date back to 1921. Admitted 
May 22, 1922, raising about 1} oz. of sputum. Residence in Sanatorium 
uneventful, save for 12 or more haemorrhages scattered over the years. Last 
haemorrhage was March 10, 1932. X-ray diagnosis of tuberculous enteritis in 
1925. Guinea pig negative to urine in 1932. Sputum positive from 1922 to 
1925, and negative since then to present. Now raises 2 oz. of sputum. 

Admission film in 1922 showed fibroid and exudative infiltration to the 4th 
is. on left, with cavitation at 2nd rib. Right lung showed similar lesion to 
about same extent, with probable cavitation. During last 11 years X-rays 
have shown occasional increase or decrease in infiltration. Prebath film, 
December 5, 1932, showed slight resolution at 1st and 2nd i.s. compared to 
routine film before, and the one before this showed increase on right at 3rd and 
4th ribs anteriorly. On December 5, 1932, infiltration extended to 4th rib on 
left and 4th is. on right. Cavitation at 3rd rib on this side. Numerous dia- 
phragmatic adhesions account for patient’s dyspnoea. 

Treatment by hyperpyrexia begun December 5, 1932. Ten baths given, 
and treatment stopped December 15, 1932. Temperature by mouth raised to 
between 102° and 103°F. once; between 103° and 104°F. five times; between 
104° and 104.4°F. four times. Maximum pulse 160. No attempt to maintain 
temperatures. 

Films taken on December 15, 1932, compared with those of December 5, 
1932, showed moderate resolution in right lung at level of 1st and 2nd i.s. and 
also at level of 3rd and 4th is. anteriorly. There had been slight resolution of 
infiltration at level of 3rd rib anteriorly on left. This is the first bilateral 
improvement this man has shown in the 11 years’ residence at Glen Lake 
Sanatorium, and this occurred in 11 days. Films taken December 29, 1932 
(14 days later) showed moderate resolution in right lung near hilum at 3rd rib 
and i.s. anteriorly. Left lung showed no change (figure 2). Patient raised 
slightly less while baths were given but this is now back to usual20z. Weight 
has remained same. 


4: J.R., 46 years, white, male. Symptoms began 1915, with cough; raising 2 
ounces sputum and streaking in 1928; and admitted to Glen Lake Sanatorium 
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on January 16, 1929. Diagnosis of far-advanced (B) pulmonary tuberculosis 
and tuberculous laryngitis. Now raises about one ounce of sputum, positive, 
and as high as Gaffky VII. Encapsulated empyema aspirated from right 
pleural cavity in 1931, with cholesterol crystals. Guinea pig on this fluid 
negative. Also guinea pig on bladder urine negative in 1932. 

On admission showed scattered disseminated lesion to 5th rib on left with 
probable cavitation. Encapsulated empyema on right, with some scattered 
infiltration between 2nd and Sth ribs. In fall of 1932, lesions on left more 
fibrotic, but cavity had developed, 8 x 6 cm., from extreme apex to 2nd rib. 
A few scattered fibrotic lesions on right, between 2nd and 5th ribs. Next film, 
December 3, 1932, showed marked spread on right, from 2nd to 6th ribs ante- 
riorly. Films taken December 14, 1932, pretreatment, showed no change. 

Treatment by hyperpyrexia begun December 15, 1932. Temperature by 
mouth was raised to between 101° and 102°F. once, between 102° and 103°F. 
six times, between 103° and 104°F. twice, and once to 104.2°F. Patient fainted 
at this last temperature. Markedly emaciated at beginning of treatment, 
weighing 983 Ibs. Weighed 100 Ibs. at beginning of last bath. Films taken 
December 24, 1932, compared with those of December 14, 1932, showed slight 
resolution of infiltration in right lung at level of 3rd and 4th ribs anteriorly. 
Left lung shbwed no change. 

Patient’s sputum became less during baths, but has since returned to 1 
ounce as usual. Has good appetite for first time in one and one-half years. 


5: H. K., 29 years, white, male. Symptoms date back to December, 1927. 
Haemoptysis prior to admission. Admitted to Glen Lake Sanatorium, July 
12, 1930, with diagnosis of pulmonary tuberculosis, far advanced (A). Devel- 
oped effusion on residence and lost 31lbs. Effusion reabsorbed and patient has 
regained weight. Has shown few red cells in urine, to which guinea pig nega- 
tive August 11, 1932. Raising slightly more than 1 oz. positive sputum, 
Gaffky count high as VIII, prior to hyperpyrexia treatment. 

Admission films showed infiltration on left to 4th i.s. anteriorly, with ques- 
tionable cavitation at 2nd rib. Similar process on right to 4thi.s., with cavity, 
4 cm. in diameter, at 3rd i.s.and multilocular cavity at 2nd rib. Prebath films, 
December 27, 1932, showed lesion on left to 4th rib, with cavity 3 cm. in di- 
ameter in the 1st is. Had been clearing in right apex, but rather extensive 
lesion had developed in base. Cavity, 2 cm. in diameter, at 2nd rib. 

Treatment by hyperpyrexia begun December 27, 1932, and one treatment 
daily until January 5, 1933 (10 treatments in all). Temperature, checked by 
rectal thermocouple, raised to between 102° and 103°F. twice, 103° and 104°F. 
once, 104° and 105°F. five times, and between 105° and 105.2°F. twice. Tem- 
perature maintained from one-half to three-quarter hour at the higher tempera- 
tures. 

Films taken January 5, 1933, showed no change from those taken December 
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27, 1932. Films taken January 12, 1933, compared with those of December 
27, 1932, showed very slight resolution of infiltration in left lung at 2nd rib 
anteriorly. Right lung showed no change. 

Patient’s sputum dropped from more than 1 oz. to less than 0.5 ounce 
during treatments. Not so mucopurulent. Gain of 2 lbs. during course. 


In no case, save the first, has the treatment of the patient been changed 


save for the baths. 
SUMMARY 


Of 5 cases treated by hyperpyrexia, we have been able to show resolu- 
tion over a period of ten to eleven days in 3 cases, sixteen days in one 
case, and seventeen days in one case. The usual rise of the patient’s 
temperature was to 104°F. or better, by mouth, and, when this tempera- 
ture was maintained, rectal temperatures were kept at about this level or 
slightly higher. All the cases used for this type of treatment had a very 
poor prognosis. 

In those cases showing improvement the treatment should be con- 
tinued with rest-periods intervening and, when the patient’s condition 
warrants, at higher temperatures for a longer time. 


CONCLUSION 


1. In the limited number of cases receiving this treatment to date, it is 
possible, because of their poor outlook at the beginning of treatment, to 
conclude that there is some definite value in hyperpyrexia as applied to 
pulmonary tuberculosis. Time alone will tell if this improvement is 
permanent or not. 

2. It is possible by hyperpyrexia to show X-ray and clinical improve- 
ment in pulmonary tuberculosis in a period as short as 10 days. 

3. We have no other proof to offer that the original premise is correct 
save the fact of X-ray and clinical improvement. 


We express our gratitude to Dr. J. P. Medelman for his careful reading of X-ray films; to 
Dr. E. S. Mariette, Superintendent of this Institution, for his codperation; and to Eric Olsson, 
bath-attendant, for his painstaking care of patients through their course of treatment. 
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COLLAPSE THERAPY OF PULMONARY TUBERCULOSIS 
IN NEGROES! 


HENRY D. CHADWICK, R. C. L. MARKOE anp JOSEPH T. THOMAS 


Tuberculosis is such a prevalent disease among Negroes and routine 
treatment so ineffective that some sanatorium physicians have expressed 
the opinion that it was useless to give anything more than custodial care, 
as the disease would progress regardless of what was done. Our experi- 
ence in Detroit has been so at variance with such statements that we de- 
cided to report the results obtained in the treatment of the Negro pa- 
tients that were hospitalized between January, 1931, and September, 
1932. 

Detroit has a Negro population of 120,000. The death-rate steadily 
increased from 272 per 100,000 in 1923 to a peak of 447 in 1928. Since 
then the rate has gradually declined to 312 last year. During this same 
decade the white rate declined from 83 to 50. The ratio is now six to one 
and is higher than the ratio in southern cities. One-third of all the deaths 
from tuberculosis in Detroit are in Negroes, although they comprise but 
one-eighth of the population. 

Two years ago there were 300 beds for colored patients in the city 
tuberculosis hospitals. This was not enough and a long waiting list was 
continually carried. Then, with the encouragement of the Department 
of Health, four private hospitals, owned and staffed by colored physicians, 
with a total capacity of 200 beds were opened. With the 500 beds then 
made available all colored patients who will accept institutional care can 
be hospitalized without delay. Two of the physicians were given part- 
time staff positions at the Herman Kiefer Hospital, where they became 
familiar with the modern methods of treatment. 

The 464 Negro patients that form the basis of this study were consecu- 
tive admissions in three different hospitals. No attempt at selection 
was made: 263 were men, 201 women. Divided into age-groups, 69, or 
15 per cent, were five to nineteen years of age; 344, or 74 per cent, were 
twenty to thirty-nine; and 51, or 11 per cent, forty to sixty-five years 
of age. 

1 Presented at a Clinical Session of the twenty-ninth annual meeting of The National Tu- 
berculosis Association, Toronto, Ontario, June 28, 1933. 
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Birthplace: More than half of the Negroes came from Georgia (127), 
Alabama (78 ) and Tennessee (44). Only twelve were born in Michigan. 

Occupation: Housewives, maids, domestics and waitresses, 167; waiters 
and cooks, 15; laborers 72; foundry-workers, 75; students, 58; porters, 
17; miscellaneous, 60. The large number of foundry-workers in this 
series who developed tuberculosis is striking. They are exposed to high 
temperatures while at work and handle a great deal of sand in making 
castings. 

The large number of housewives, maids, laundresses, domestics, 
waiters, waitresses and cooks is significant, and indicates how great is 
the opportunity for spreading tuberculosis to children in their own homes 
and in households where they are employed. 


Length of Time Between First Symptom and Hospitalization 


Minimal Moderately advanced Far advanced 
per cent per cent 


1 month or less , 30—35.3 39—20.7 
1 to 2 months ; 11—12.9 2i—11.1 
2 to 3 months ; 11—12.9 21—11.1 
3 to 6 months ; 14—16.5 51—27.2 
6 months to 1 year r 9—10.6 31—16.5 
1 year or more i 10—11.7 25—13.3 


85 188 


This study illustrates the acute onset and rapid course of tuberculosis 
in the Negro. The interval between the time of appreciation of symp- 
toms by the patient and hospitalization was less than one month in 39 
per cent in the minimal, 35 per cent in the moderately advanced, and 20 
per cent in the far advanced. It was less than three months in 71 per 
cent of the minimal, 61 per cent of the moderately advanced, and 43 per 
cent of the far advanced. 

Of 80 patients hospitalized within one month of their initial symptoms, 
30 of them were moderately advanced and 39 far advanced. Some of 
the far-advanced cases only admitted having had symptoms for a few 
days before going to a doctor. 

To determine the influence of tuberculosis in individuals of pure or 
mixed blood the patients were separated into three groups according to 
color,—light (7 per cent), medium (66 per cent), dark (27 per cent). 
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Classification of Disease by Color 


Dark Total 
per cent per cent 


Minimal 15—12 46—10 
Moderately advanced 27—22 106—23 
Far advanced 83—60 312—67 


125 464 


The percentage found in the different classifications according to color 
shows no evidence of a more serious type of disease in the darker Negroes. 


Results of Treatment 
Discharged Patients U nder Treatment 


Ap- 
parently Deaths Improved Unimp. Total 


arrested 
2 0 5 13 4 34 
10 13 118 96 23 305 
10 31 13 125 
23 154 158 40 464 
9 58 


Two things are noteworthy in considering the results obtained from 
treatment of the group of discharged patients: namely, the high per- 
centage of apparently arrested cases (28 per cent) and the high percent- 
age of deaths (58 per cent). Only 37, or 8 per cent, were discharged 
against advice, and these are placed in the improved or unimproved 
groups. The hundred and ninety-eight are still under treatment, and 80 
‘ per cent of them show definite improvement. Therefore, to evaluate 
the effect of treatment as of this date on the whole group the patients 
remaining in the hospital should be included with the ones discharged. 


Results of Treatment of the Whole Group 


Apparently Arrested , 
per cent 


9—27 34 
154—51 
54—42 


217 


In this table only two classifications are made. All those who responded 
favorably to treatment are placed in one group and the unimproved and 
deaths in another group. In this way the numbers are large enough to 


i 
761 
‘per 
per cent per cent mt 
i 
« 


Ry 


762 CHADWICK, MARKOE AND THOMAS 


show the comparative response to treatment of the patients divided ac- 
cording to color,—light, medium and dark. 

The impression quite generally prevails that the mulatto, especially 
those who are very light in color, have more resistance to tuberculosis 
than the blacks. That belief is borne out in this study as it is applied 
to the light Negro, but the very dark Negro, on the other hand, had a 
higher percentage in the favorable group than did the medium-colored 
patients. Therefore, the degree of color other than the very light is 
not an index of resistance to tuberculosis. _ 

The favorable group, representing 53 per cent of all patients admitted 
during a twenty-one months’ period ending six months ago, makes a very 
satisfactory showing, even when contrasted with results obtained in 
other sanatoria where the patient population is chiefly white. For 
example, the William H. Maybury Sanatorium, with 830 beds, dis- 
charged, as apparently arrested, quiescent and improved (favorable 
group) 45 per cent in 1929, 65 per cent in 1930, and 69 per cent in 1931. 
During these latter two years only selected patients were admitted and 
the average length of stay was longer. These two factors would favor- 
ably influence the results and should be taken into account when com- 


parisons are made. 
Collapse-Therapy Procedures Employed 
per cent 
Pneumothorax unilateral, alone 177—37.7 
Pneumothorax bilateral, alone 
Pneumothorax and phrenic surgery, same side 
Pneumothorax and phrenic surgery, opposite sides 
Pneumothorax bilateral and phrenic surgery 
Phrenicotomy alone 
Phrenicectomy alone 
Thoracoplasty 
Number receiving collapse therapy 
Number receiving no collapse therapy 
Total, without duplicates 


Pneumothorax alone, or a combination, was used in 52.4 per cent; 
phrenic-nerve surgery alone or in combination was used in 32.7 per cent. 


Indications for Collapse Therapy 
Soon after admission every case is brought up for discussion by the 
staff and collapse-therapy measures instituted at once in every case where 


it is indicated. 
The beneficial effects of collapse therapy have been so evident to us 
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that the field to which it is applicable has been constantly broadened. 
We now institute collapse therapy on every patient soon after admission 
except for those in the minimal stage when there is a question of activity 
that can only be determined by a period of observation and the far-ad- 
vanced cases that are in too critical a condition to offer any hope of relief 
from active treatment. The customary period of waiting to see what 
bed-rest will do before supplementing it by some form of collapse has 
been abandoned. We believe prompt collapse treatment desirable to 
prevent spread and to reduce toxaemia by restricting the movement of 
the lung. 

The danger of spread is a real one if sputum contains tubercle bacilli. 
This is more likely to occur if there are definite pulmonary cavities. The 
closure of such cavities should be the first objective. The method em- 
ployed depends upon the extent and type of disease. 

In order of preference collapse therapy measures going from minor to 
major procedures would be listed as follows: 


: Phrenic-nerve crushing, for temporary effect. 

: Phrenic-nerve exairesis, for permanent effect. 

: Pneumothorax, unilateral. 

: Pneumothorax plus phrenicectomy. 

: Pneumothorax on one side and phrenic surgery on the other. 
: Bilateral pneumothorax when phrenic surgery is not effective. 
: Thoracoplasty when other methods have failed. 


1 

2: 
J: 
4: 
5: 
6: 


Many factors have to be considered in selecting the best procedure in 
a given case. Ina broad way we base our decision on the following prin- 
ciples: Phrenic-nerve surgery should be the operation of choice in cases 
in which the lesion does not involve more than one-third of a lung, with 
or without small cavities; to supplement pneumothorax when adhesions 
prevent closure of cavities, as the rise in the diaphragm will often relax 
the tension of the band of adhesions and allow approximation of cavity- 
walls; to use in cases in which pneumothorax cannot be induced because 
of adherent pleura; to permanently reduce the size of the hemithorax 
in pneumothorax cases, so that when this treatment is discontinued the 
lung cannot regain its normal size and the danger of cavities reopening 
is thereby lessened. 

In bilateral tuberculosis requiring collapse of both lungs pneumothorax 
on one side and phrenic surgery on the other is preferable and less serious 
than bilateral pneumothorax. Bilateral phrenic surgery may be used 
in certain cases where pneumothorax is impossible on either side. 
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Artificial Pneumothorax 


This is the operation of choice when more than a third of one lung is 
involved and in bilateral disease, or when there are large cavities, es- 
pecially those with thick walls. In bilateral lesions it may be used on 
one or both sides. Preferably, however, we advise pneumothorax on 
one side and phrenic-nerve surgery on the other, as spontaneous collapse 
occasionally occurs and is a serious complication in bilateral pneumo- 
thorax. We do not hesitate to use it, however, if the phrenicectomy is 
not followed by improvement. 

With these two measures of collapse available bilateral cases in ad- 
vanced tuberculosis are often treated successfully. 


Thoracoplasty 


This operation is held in reserve to be used only after simpler measures 
have failed. It is well, however, not to delay too long. The postpone- 
ment of treatment by collapse therapy often changes an acute disease into a 
chronicone. Myocardial changes may ensue, due to toxaemia over a long 
period, so that a good surgical risk is transformed into a poor one by the 
time thoracoplasty is decided upon. Therefore, prompt treatment with 
phrenic-nerve surgery or pneumothorax, or the two in combination, is 
essential for the best results, as if they are unsuccessful thoracoplasty 
can be used without much delay. A long period of bed-rest to see what 
this will do before starting collapse makes pneumothorax more uncer- 
tain as adhesions may form to prevent its successful use, and months are 
added to the time that has elapsed before thoracoplasty is finally done. 

What has been said above in regard to collapse therapy applies to all 
cases of pulmonary tuberculosis and especially to the Negro. Their 
tuberculosis is of a more acute form, and it either responds quickly to 
treatment or progresses more rapidly to a fatal termination. There is 
less production of fibrous tissue and adhesive pleuritis. Therefore, pleu- 
ral adhesions do not prevent successful collapse by pneumothorax as 
often as in the case of white patients. 

The exudative type of disease and extensive lymphatic involvement 
are characteristic of the type of tuberculosis seen in the Negro. The 
toxaemia that produces acute symptoms is reduced remarkably by rest 
in bed supplemented by collapse therapy. The response to this treat- 
ment is often very gratifying. Temperature drops, weight is gained, 
and sputum lessens in amount and often becomes negative in a short 
time. 
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While, of course, the extent of disease is a guiding factor in prognosis, 
it is not unusual to have cases with extensive bilateral disease recover. 
The collapse of one lung will often favorably influence absorption of a 
diseased area in the other. If this is not quickly apparent then the op- 
posite lung should be treated either by phrenicectomy or pneumothorax. 

In our series twelve had thoracoplasty after other collapse measures 
had failed. ‘They were all far-advanced cases on admission, five with C 
symptoms. Seven were considered very unfavorable for treatment 
because of the extent of disease. Eight were women, four men. Two 
were dark and ten medium in color. They were unfavorable from many 
points of view, yet all went through their operations safely. Now all 
but two have negative sputum and all are doing well. 


SUMMARY 


This paper is based on a study of 464 Negroes having pulmonary 
tuberculosis who were hospitalized during the period from January, 1931, 
to September, 1932. 

Treatment is discussed with reference to results obtained as of April, 
1933, from bed-rest supplemented by collapse-therapy procedures, which 
were used in 70 per cent of the cases. 

The patients were divided into light, medium and dark groups, to see 
if there was any marked variation in the stage of disease on admission or 
in response to treatment. It was found that about the same percentage 
of minimal, moderately advanced and far-advanced cases on admission 
were found in each group. The results of treatment were a little better 
on the light group than in the others, but a higher percentage of improved 
cases was found in the dark Negroes than in the medium-colored group. 
It would seem, therefore, that the degree of color, unless it is very light, 
is not an index of resistance to tuberculosis. 

The type of pulmonary lesion was exudative and often pneumonic. 
The onset of disease was often acute and its course rarely chronic in 
character. 

The indications for the use of phrenic-nerve surgery, pneumothorax 
and thoracoplasty are given. 


Results of Treatment 


The response to treatment if favorable is prompt, if unfavorable quite 
rapidly progressive. In favorable cases the exudative infiltrations un- 
dergo resolution without much destruction of pulmonary tissue. In 
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unfavorable cases cavitations occur rapidly, and there is little formation 
of fibrous tissue. 

Our analysis supports the hypothesis of Pinner and Kasper (1) that 
there exists a true racial difference between the two races which confers 
high resistance on one and low resistance on the other. This is shown by 
the acute onset and rapid spread of lesions noted in our series. Some 
patients with gross involvement of the exudative type reported having 
had symptoms for only a few days; others, of two or three weeks’ dura- 
tion. Of the far-advanced cases 20 per cent admitted having symptoms 
less than one month and 43 per cent less than three months before hos- 
pitalization. Furthermore, there is a marked tendency to recover or 
progress to a fatal termination in less time than is usual in white patients. 

Of the patients discharged, 28 per cent were arrested and 58 per cent 
died, but including those who are still under treatment favorable results 
were obtained in 53 per cent. This is an excellent record, when we note 
that, on admission, 23 per cent were moderately advanced and 67 per 
cent far advanced, or 90 per cent had advanced beyond the minimal stage 
before treatment began. 

Hospital or sanatorium care is even more essential, as treatment, to 
be effective, must be prompt and aggressive. Half-way measures have 
no place in the treatment of tuberculosis in the Negro. Bed-rest must be 
strict, and supplementing this some form of collapse therapy must be 
used without delay. 

Early diagnosis, desirable as it is in white patients, is even more ur- 
gent with the colored, as their disease, often with few symptoms and signs, 
is more acute and rapidly progressive. Roentgen examination should 
be made generally available at low cost. Negro physicians should be 
encouraged to take up the problems of tuberculosis, and be given op- 
portunities to learn the treatment of tuberculosis by collapse therapy. 
Communities should aid them in maintaining hospitals for the care of 
their patients. 

For the control and eventual eradication of tuberculosis in the white 
race, the colored race, which is especially vulnerable to the disease, as 
an integral part of the population, cannot be neglected. 
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COMPARATIVE RESULTS OF ARTIFICIAL PNEUMO- 
THORAX IN THE WHITE AND NEGRO RACES 


BENJAMIN L. BROCK! 


“No more hopeful ray of sunshine has ever come to illumine the dark 
kingdoms of disease” than artificial pneumothorax. This statement of 
Clive Riviere (1) voices the opinion of most of us since the procedure has 
become an established one of unquestioned value. Many other authors 
(1) (2) (3) (4) (5) have reported favorable results in the use of this form of 
therapy in the white race, but no attempt will be made here to review their 
statistical data, since they are generally well known. Up to this writing, 
however, little or no work has been published on the comparative results 
of artificial pneumothorax in the treatment of pulmonary tuberculosis 
in the white and Negro races. Even though we have learned from ex- 
perience and from the published work of other observers that this form 
of therapy has its limitations in the white race, we are dealing in the 
Negro with a disease which as yet has not responded well to any form of 
treatment at our disposal. Better knowledge concerning the cause or 
causes for the differences in the types of pathology in the two races offers 
the best promise for successful treatment of the disease in the Negro. 

In making a comparison between the white and Negro patients as to 
similar forms of treatment it would be preferable, if possible, to treat like 
pathological change on the one hand with like pathological change on the 
other. This has been impossible to accomplish, however, since the 
great majority of Negro patients on admission to the sanatorium are 
found to have an acute exudative tuberculosis which is usually rapidly 
progressive. But, even when we are able to select a few cases which on 
X-ray resemble more closely the usual chronic type of pulmonary tuber- 
culosis as seen in the white race, the comparative end-results are unfavor- 
able in the Negro. Instead, therefore, of comparing individual cases with 
each other, a group comparison is attempted in this study. 

Before continuing, however, with a detailed description of differences 
in reaction to artificial pneumothorax in the two races, it might be well 
to review briefly some of the outstanding average differences in the types 
of pathological process observed in the two races when group compari- 


1 Waverley Hills Sanatorium, Waverley Hills, Kentucky. 
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sons aremade. There is a minority of cases in the Negro, whose X-rays 
resemble in all respects the ordinary chronic and even arrested type of 
tuberculosis as encountered in the white race. At the other extreme 
there are those cases in the Negro race resembling in many respects the 
acute childhood type of tuberculosis, showing massive exudation to- 
gether with enlargement of hilum lymph nodes. In these cases evidence 
of fibrosis and calcium deposits are rarely seen on X-ray, and in a few 
cases which we have examined at autopsy fibrous-tissue formation has 
been at a minimum and calcium has been absent. Detailed description 
of these pathological changes has been published by other authors (7) 
(8) (9) (10). Such types of pathological change are very rarely seen in 
the white race. In the Negro, if we are dealing with an almost purely 
exudative type of tuberculosis at the outset, rapid progression to a fatal 
termination is the rule. Unlike the more chronic types in which fibrosis 
plays a distinct rdle and in which there are alternating periods of both 
arrest and spread of the disease, characteristic of chronic disease in the 
white race, the progression is continuous. It is interesting to note that 
the increase of the monocyte in the blood-picture, which has been held 
to indicate spread of disease, was found by the author (6) to be a continu- 
ous elevation in this acute progressive type of tuberculosis in the Negro. 
In cases showing both periods of arrest and progression, on the other 
hand, the monocyte was found to fluctuate above and below the normal 
base-line. 

If we take the white and Negro groups as a whole and make average 
comparisons, the history of the disease in the Negro, previous to admis- 
sion to the sanatorium, is found to be of much shorter duration, averag- 
ing in this study four months as compared with ten months in the white 
race. On admission, over 90 per cent of the cases are in the advanced 
group and there is distinctly more evidence of exudation and much less 
evidence of fibrosis as interpreted on X-ray in the Negro group. The 
progress in the Negro is more rapid and large cavity-formation is seen 
to occur frequently in relatively shorter time. So far as clinical mani- 
festations of the disease are concerned, it has been shown that there is a 
slightly greater average elevation in temperature and pulse in the Negro 


group. 
REVIEW OF THE LITERATURE 


Reference has been made in a previous article to the relative lack of information 
in the literature concerning the pathology of tuberculosis in the Negro. As a 
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matter of fact, there is little published work to be found regarding tuberculosis 
in the Negro in any ofits phases. This is particularly true of treatment. Most 
of the material available deals with statistical data, and the one outstanding 
fact to have been established is that the mortality rate from this disease is 
extremely high. It has been shown to be three to four times as great in many 
localities as the rate for the white race in these same localities. 

Reference has also been previously made to Opie’s (7) (8) (9) outstanding 
work on the epidemiology and pathology of pulmonary tuberculosis in the 
Negro. He described the pathological processes at autopsy on Negroes both 
of this country and of a few in Jamaica, and found particularly in the latter 
group changes resembling in all respects the primary type of infection as seen 
in the white child. He has also concluded that, due to the less frequent occur- 
rence of calcium in the lungs and hilum lymph nodes of adult Negroes dying 
of pulmonary tuberculosis, they acquire an infection less frequently in’ early 
life. He further states that the acute involvement of lymph nodes and the 
occurrence of miliary tuberculosis are more frequent in the adult Negro. 

More recently Pinner and Kasper (10) have elaborated upon this work. 
These authors have not only described the pathological changes as seen in 
the Negro at autopsy, but speak at length on the modes of bacterial propaga- 
tion in the body. ‘This will be referred to again in the discussion. 

Carter (11), in a comparative study of 5,000 white and 1,700 Negro patients 
treated under the same conditions with ordinary sanatorium care, found that 
the Negro race responded much less favorably than the white race. He further 
concluded that the mulatto responded more favorably than the black but not 
as favorably as the white. He attributed these results to an inherited immunity 
to tuberculosis established by long years of contact with the tubercle bacillus 
in the white race. 

In a previous investigation based upon the study of 17 Negro patients and 
29 white patients, the author (12) has described the resuits of Sanocrysin 
treatment in the two races. The acute exudative type of tuberculosis was 
selected for treatment. Since all of the white cases in this series did remark- 
ably well under Sanocrysin treatment and since no spreads occurred in any case 
receiving two full courses of the drug, it was concluded that Sanocrysin has a 
remarkable clinical effect upon acute exudative tuberculosis in the white 
patient. Such was found not to be the case, however, in the Negro. The 
results proved to be disappointing, and the drug was found to have little effect 
in checking the progression of the disease in this race. It was concluded that 
exudation fer se is not the chief requisite in selecting cases for Sanocrysin treat- 
ment. Cases having an underlying fibrosis, as is practically always true in the 
white race, have shown decidedly more resistance and response to treatment. 
The comparative lack of fibrosis in the Negro with acute tuberculosis and the 
inability of his disease and other outside factors, such as Sanocrysin, to stimu- 
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late its production may be a cause for the failure to treat the disease successfully 
in this race. 

In a comparatively recent article read before a meeting of the National 
Medical Association in Atlanta, Ballard of the Waverley Hills Sanatorium 
reported unfavorable results in the use of artificial pneumothorax in the Negro. 
His report was based on the study of 24 cases all of which were of Negroes (13). 


THE MATERIAL 


The results of this investigation are based upon the study of 161 white 
and 36 Negro patients, all of whom were in the advanced stage of the 
disease at the time the initial treatments of artificial pneumothorax were 
induced. Cavity-formation was present in all but 7 of the white pa- 
tients and all but 3 of the negro patients. As indicated in tables 2 and 
3, both groups were divided according to whether unilateral or bilateral 
disease was present at the beginning of the collapse therapy, and these 
in turn were further divided according to whether the collapse was satis- 
factory or unsatisfactory. Collapse was considered to be satisfactory 
where closure of cavities was effected or where immobilization of the lung 
was accomplished in the noncavity cases. Of the white patients 119, 
or 74 per cent, were found to have satisfactory collapse, whereas 42, 
or 26 per cent, had unsatisfactory collapse. Of the Negro group, 15, or 
42 per cent, had satisfactory collapse and 21, or 58 per cent, had unsatis- 
factory collapse. Of these 15 cases having satisfactory collapse 10 had 
unilateral disease. These figures are based upon our X-ray findings. 

The actual length of treatment of individual cases with artificial pneu- 
mothorax is indicated in table 1. The average in the white group was 
found to be 2 years whereas in the negro group it was 83 months. No 
attempt, however, is being made to compare individual cases according 
to the length of time they had received treatment, since we are dealing 
at the outset with distinctly different types of pathological process in the 
two races. We are dealing also with two races that react quite differ- 
ently to their disease. In fact, the Negro race has no apparent control 
over the spread of tuberculosis in the lungs and its dissemination through- 
out the body. As seen in table 1, no Negro patient in this series received 
treatment longer than 3 years, due to the fact that the great majority 
were dead of progressive disease long before this time. In fact, 21 of the 
23 patients who died in this group were dead in the first 12 months of 
treatment. Eight, or 35 per cent, of these deaths occurred in patients 
with unilateral disease. Six of these, or 75 per cent, had satisfactory 
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TABLE 1 


NUMBER OF 
CASES 


LENGTH OF COLLAPSE 


DISTRIBUTION 
OF DISEASE 


NO RECORD 


DISCHARGED 


White Patients 


Less than 6 months 


6 to 12 months 


1 to 2 years 


2 to 3 years 


3 to 4 years 


4 to 5 years 


Over 5 years 


Average 2 years 


Unilateral 
Bilateral 


Unilateral 
Bilateral 


Unilateral 
Bilateral 


Unilateral 
Bilateral 


Unilateral 
Bilateral 


Unilateral 
Bilateral 


Unilateral 
Bilateral 


Unilateral and 
bilateral 


Negro Patients 


Less than 6 months 


6 to 12 months 


1 to 2 years 


2 to 3 years 


Average 8} months 


Unilateral 
Bilateral 


Unilateral 
Bilateral 


Unilateral 
Bilateral 


Unilateral 
Bilateral 


Unilateral and 
bilateral 
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collapse. Nevertheless, spreads to the contralateral lung took place 
even after a sufficient length of time had elapsed following complete 
collapse. Due to the frequent involvement of the lymphatic system in 
these cases it is felt that such spreads may be lymphogenous or haema- 
togenous in origin rather than bronchogenic. 

It was found that, once acute spread of the disease occurred in this 
manner in the contralateral lung, progression to fatal termination was 
the outcome. Four of these 6 patients had tuberculous colitis before 
collapse was instituted, and one of these developed miliary tuberculosis 
with terminal meningitis after satisfactory collapse of the lung was 
effected. This latter case undoubtedly got its spread through the lym- 
phatics and blood-stream. Such complications as tuberculous laryngitis 
and colitis might indeed hasten death in such cases, but it is felt that these 
complications in most of the Negro patients were not responsible for their 
deaths. Progressive disease in the lungs alone would have been suffici- 
ent in all of these cases to have caused death. In other words, the nature 
of the tuberculosis in the Negro, his general lack of immunity to the dis- 
ease, and the lack of local tissue resistance to progression are responsible 
for his death. 

For example, it will be seen from table 3 that 47 per cent of the uni- 
lateral cases had severe tuberculous complications, such as laryngitis or 
colitis, prior to pneumothorax therapy, and only 17 per cent of these 
improved following treatment. Of the bilateral cases, 48 per cent had 
complications, and only 9 per cent improved following treatment. Due 
to the lack of local tissue resistance in the intestine and larynx and other 
organs, we might well expect such poor results, but further explanation 
is found when we analyze the sputum findings in these cases. In the 
negro group only 50 per cent of the unilateral cases with good collapse 
became negative and remained negative, due to the fact that in 30 per 
cent of this group spread of the disease took place in the contralateral 
lung after satisfactory collapse was established. This fact no doubt 
accounts for the reappearance of the positive sputum in these cases and 
the continued seeding of the tuberculous lesions in the larynx or intes- 
tine. In the bilateral cases only one out of a total of twenty-three, or 
less than 5 per cent, became negative after the introduction of artificial 
pneumothorax. This not only illustrates the fact that collapse therapy 
in the Negro has little or no influence on the progression of disease in 
the contralateral lung but also no influence on the complications. 

Entirely different results were obtained in the white patients, and this 
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again emphasizes the comparative high resistance of the white race to 
tuberculosis. For example, in table 2 it will be seen that 17 per cent of 
the white patients with unilateral disease had tuberculous complications, 
and 67 per cent of these improved after treatments were begun. Twenty- 
nine per cent of the bilateral cases had complications and, of these, 73 
per cent improved following treatment. Again only 20 per cent of this 
group had spread or progressive disease in the contralateral lung. Of 
the unilateral cases, including both those with satisfactory and unsatis- 
factory collapse, 83 per cent obtained a negative sputum, and of all the 
bilateral cases 64 per cent obtained a negative sputum. From this study 
we find that progressive disease in the contralateral lung is not usually 
the case following collapse therapy in the white race. In fact, due to 
less absorption from the collapsed lung retrogression in the other lung is 
the rule. We also learn that the sputum becomes or remains negative 
in the majority of cases following pneumothorax, and this must influence 
the course of complications such as tuberculous colitis or laryngitis. 

An interesting fact brought out in this study is that 90 per cent of the 
white patients with unilateral disease and 88 per cent of those with bi- 
lateral disease reacted favorably to artificial pneumothorax during the 
period following the first few inductions of air. Only 38 per cent of the 
Negro group with unilateral disease and 30 per cent with bilateral dis- 
ease had an immediate favorable reaction. In fact, instead of alleviat- 
ing symptoms or reducing fever in the Negro patient, as was the case 
with the white patient, treatment either had no effect whatever or even 
aggravated the symptoms. This unfavorable reaction in the Negro 
race is no doubt due to the type of pathological process with which we are 
dealing and, as noted in the unilateral but particularly in the bilateral 
cases, the lack of local tissue resistance to the progression of disease in 
the contralateral lung. 

A very outstanding fact brought out in this investigation is that only 
one Negro out of the 36, or less than 3 per cent, of those who received arti- 
ficial pneumothorax treatments is at the present time working. This 
patient is a practical nurse, and has been able to carry on her duties 
successfully for over a year. Only 2 other Negro patients with unilateral 
disease and three with bilateral disease can be classified as improved. 
These 6 patients represent only 17 per cent of all treated with artificial 
pneumothorax. With the exception of 7 other cases in both the unilat- 
eral and bilateral groups, or 19 per cent, who are classed as unimproved 
or as having left the institution and on whom there is no record, all of the 
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other Negro patients have died. There was a total of 23 deaths in this 
group which amounts to 64 per cent of the cases treated. 

In the white group quite favorable comparative results were obtained. 
Detailed information is furnished in table 2. Taking the unilateral- and 
bilateral-disease groups together, it is seen that about 20 per cent of the 
cases are working. Of the unilateral group alone 26 per cent are working 
and of those in this group with satisfactory collapse 31 per cent are work- 
ing. If we place those patients who are classed as working, well and 
improved in one group, we find that they comprise 80 per cent of the uni- 
lateral cases and 72 per cent of the bilateral cases. Fifteen per cent of 
the unilateral cases and 18 per cent of the bilateral cases died. The 
percentage of deaths in the white race, therefore, is seen in this study to 
be just half that as seen in the Negro race. Sixty-three, or 39 per cent, of 
the white patients in this study have been discharged and are returning 
to the sanatorium for their refills. 


DISCUSSION 


An explanation for the differences in reaction to artificial pneumo- 
thorax in the white and Negro races is no doubt found when we consider 
the differences in the types of pathological involvement and modes of 
bacterial propagation in the two races. At the outset we are dealing 
in the Negro with less immunity to tuberculosis. The type of pathologi- 
cal process would clearly indicate this. Pinner (10) stresses the fact 
that tubercle bacilli distribute themselves in the body by way of the 
lymph-stream, the blood-stream and by direct extension. He states 
that ‘‘Lymphatic spread occurs with great regularity following a first 
infection and leads, in first infection, always to a diffuse caseation of the 
next draining lymph nodes.” This is rarely seen in the majority of 
white adults. He also states that bacilli often reach the blood-stream 
by means of the lymphatics. Lastly, the degree of direct extension of 
the pathological process depends on the ability of the local tissue to 
form Abrosis. In reviewing our results in the use of artificial pneumo- 
thorax in the Negro, we need but to apply the above information in 
order to know the reasons for them. We have seen in several so-called 
unilateral cases of pulmonary tuberculosis with practically complete 
collapse of the lung, evidence of a beginning exudative lesion in the con- 
tralateral lung. Such a thing is rarely seen in the white patients with 
complete collapse and a good contralateral lung. This sort of spread 
would be difficult to explain unless the lymphogenous or haematogenous 
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methods of propagation were responsible. It seems quite logical that this 
might be the case in the Negro, in whom the lymph-system is so com- 
monly involved. On the other hand it would be difficult to explain a 
spread of disease in the white race in the contralateral lung on such a 
basis. Bronchogenic spread, before complete collapse had been accom- 
plished or extension from an already existing focus in the contralateral 
lung, would be the most likely methods here. Then, too, since it is a 
fact that the Negro as a rule shows little local tissue resistance in the 
lung, as indicated by the lack of fibrous-tissue formation, progressive 
spread of disease by direct extension would be and is usually the case. 
This last method of spread, together with the above methods, would ex- 
plain why so many of the bilaterai-disease cases with good collapse on 
one side show continuous spread in the contralateral lung. In the white 
patient with bilateral disease we often see the reverse of this process. 
Instead of spreading in the contralateral lung the tuberculosis begins to 
clear soon after a good working collapse is established. The reason for 
this is well known, and is attributed to a stoppage of the absorption of 
tuberculous poisons which previous to collapse activated the lesions in 
the so-called good side. 

The poor results obtained in the use of artificial pneumothorax in the 
Negro are due undoubtedly to the type of pathological process and modes 
of bacterial propagation usually encountered in this race. If this ex- 
planation is accepted, we are no closer to the basic explanation for the 
lesser immunity in the Negro to tuberculosis. We have not as yet dis- 
covered why the Negro should react differently than his white neighbor 
to tuberculous disease. In a previous article the author (12) reviewed 
several theories in an endeavor to explain some of these exceedingly 
interesting differences in the reaction to the disease in the two races. 
None of the statements in this article was put forward with any intention 
other than to stimulate thought on the subject and possibly to throw 
some light on the mechanism of immunity. It is clearly understood that 
no tenable reason has as yet been advanced to explain the difference in 
immunity in the white and negro races. Pinner (10) states, “We are 
impressed by the necessity of considering the likelihood of true genotypic 
differences between the two races in order to explain their different re- 
actions to tuberculosis.” What definite influences true racial differences 
may play in the réle of immunity is still, however, open to speculation. 
Further studies will be made by the author along certain clinical lines in 
an endeavor to find possibly some tangible evidence whereby a plausible 
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and conclusive reason can be advanced to explain some of the differences 
in the reaction to the disease in the two races. 


I wish to express to Dr. Lawrason Brown my sincere appreciation for his helpful sugges- 
tions and criticism of this paper, and also for the stimulus he has given me in writing it. 
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COLLAPSE THERAPY OF PULMONARY TUBERCULOSIS 
IN NEGROES! 


ARTHUR R. GAINES? anp PAUL E. KELLER® 


The general indications for and results from the various forms of col- 

lapse therapy among white tuberculosis patients have been well studied. 
There is general agreement as to the indications for artificial pneumo- Ky 

thorax. As given by Burrell (1), they are: 


1: In all unilateral cases, if 
(1) There are constant rales to be heard over an area corresponding to two 

ribs and intercostal spaces or more with positive sputum and corroborating : 

X-ray findings. E 
(2) The disease is acute. | 
(3) In spite of rest in bed, the activity persists or improvement is not satis- 

factory. 
(4) The patient for any reason is unable to undergo prolonged hospitali- 

zation. 

(5) There is repeated or severe haemoptysis. 

(6) There are cavities with copious sputum. 

(7) There are certain complications such as tuberculous laryngitis. 


2: In bilateral cases the same indications are used, tempered somewhat by 
the condition in the contralateral lung. 


The reported results from pneumothorax therapy vary considerably. 
The Matson brothers (2) report 48 per cent of 235 cases having satis- 
factory collapse as clinically well. Other reports vary from 15 to 35 
per cent of recoveries. 

Cooper and Stallings (3) have tabulated the complications in 418 cases 
of artificial pneumothorax, and show 46 per cent developing hydrothorax, ' | 
41 per cent of these requiring aspiration and 10 per cent of the total fluid 
cases developing pyopneumothorax. A total of 8 per cent developed 
spontaneous pneumothorax. The cases reported were all of the white 
race, so far as is known. 


1 From Fitzsimons General Hospital, Denver, Colorado. Published by permission of the 
Surgeon-General, U. S. Army. 

2 Major, Medical Corps, U. S. Army. 

3 First-Lieutenant, Medical Corps, U. S. Army. 
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The indications usually given for phrenic exairesis are 


1: Lower-lobe active tuberculous lesions with or without cavity. 

2: As an adjunct during pneumothorax therapy for the purpose of securing the 
same amount of collapse with less air. 

3: As a following measure to pneumothorax. 

4: Some writers list the indications as given for artificial pneumothorax, 
making phrenic exairesis their operation of first choice. 


The results from this procedure in this hospital as reported by Lt. Col. 
Cooper (4) are: total cases 103, 44 improved, and 59 no change. 

Frank and Miller (5) in a report of 100 cases of phrenic exairesis, not 
separated as to color, conclude, among other things, that a good phreni- 
cectomy is better than a poor pneumothorax, is less hazardous, less dis- 
comforting and less attended by complications. In their opinion, it is 
not to be substituted for pneumothorax but used as an adjuvant. Reports 
from other sources indicate from 30 to 60 per cent improvement. 
Evaluation of this procedure has been difficult because of the frequency 
with which it has been used with other forms of collapse therapy. Ac- 
cording to Bruns (6) 


Thoracoplasty is indicated in (1) large unilateral lesions after all other treat- 
ment, including a carefully applied sanatorium regimen and attempted artificial 


pneumothorax has failed; (2) in unilateral lesions, regardless of extent of in- 
volvement, where a cavity exists which will not close spontaneously and in 
which pleural adhesions prevent collapse by pneumothorax; (3) unilateral 
lesions, with large cavities in which artificial pneumothorax is only partially 
successful and cavities cannot be compressed on account of adhesions; (4) 
tuberculous pyopneumothorax, especially if a bronchial fistula and mixed 
infection exist. 


Colonel Bruns (6) summarizes the results as follows: ‘“Thus we may say 
that in from 20 to 25 per cent of thoracoplasty cases, a fatal termination 
is hastened to varying degrees by the operation, but that approximately 
50 per cent of patients are saved by it who would probably die within a 
short time.” 

There has been a great deal written on the subject of immunity in the 
Negro and but little on the results of treatment. 

Opie (7) states that of 10 million colored people in this country, about 
25,000 die every year from tuberculosis. This is about as far as our actual 
knowledge goes, for as to the morbidity, as contrasted with the mortality, 
practically nothing has been written. Analysis of the death statistics 
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shows that the mortality from the disease reaches its maximum in the 
colored race between the ages of 20 and 24. This corresponds very closely 
to the peak for white women; but in white males the rate gradually in- 
creases up to a maximum at 70 years. 

The very fact that the mortality from tuberculosis among Negroes is 
so great at an early age renders tuberculization of the Negro race difficult 
and slow. 


Carter (8), after eight years of tuberculosis work among Negroes, is 
definitely of the opinion that the condition is curable, thoug’ less so than 
in the white race. He has been able to make interesting observations 
among mulattoes and finds their resistance increased in direct proportion 
to their approach to white color. 

The same author recalls the aphorism that results in tuberculosis treat- : 
ment depend as much on what is ‘“‘above the collar’ as on what is below. | 
An inference can readily be drawn that codperation and assiduous “‘chasing [ 
the cure” are not as common among colored patients as in the white 
race. 

Ballard (9) made an analysis of 24 cases in which artificial pneumo- 
thorax was used and a corresponding analysis of 18 cases of similar 
pathological involvement for which pneumothorax was recommended but 
could not be given. 

Among the 24 cases, death resulted in 11 cases, or 46 per cent, while 
among the 18 cases not receiving pneumothorax, nine, or 50 per cent, : 
died during the same period of observation. The results in regard to | 
symptomatic relief were 42 per cent improved among the pneumothorax a 
cases against 22 per cent improved on routine sanatorium care without i 
pneumothorax. 

In an effort to support or disprove the common idea that the results 
obtained in collapse therapy in the Negro race are unfavorable, an analy- 
sis has been made of the cases in this hospital which have received some | 
form of collapse therapy during the course of their treatment. I 

A total of 33 cases have received 39 operative procedures. They have : 
been arbitrarily separated into those receiving artificial pneumothorax F 
(7), those who have had a phrenic-nerve operation (25) and those who f 
have had a thoracoplasty (7). 


ARTIFICIAL PNEUMOTHORAX 


Of the 7 cases which received artificial pneumothorax, all were of a 
duration of three years or less. One was moderately advanced, and six 
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far advanced. Three, or 43 per cent, showed improvement, while four, 
or 57 per cent, retrogressed or died. ‘Two of the latter were severe haem- 
orrhage cases, and artificial pneumothorax was given to stop haemor- 
rhage and not as a definitive treatment. 

Four cases of this series remain under observation at this time. ll, or 
100 per cent, have some complication resulting from the pneumothorax. 

It is our impression, from the study of the 4 cases which have come 
under our personal observation, that artificial pneumothorax in the Negro 
is a procedure fraught with much peril. The complications occur with 
greater frequency and are more serious than the reports on artificial 
pneumothorax from other sources indicate. 


PHRENICECTOMY 


Of our 25 cases, 14 were of a duration of less than one year, 3 from one 
to 3 years, and 8 over 3 years. 

Six, or 24 per cent, of the 25 cases were moderately advanced; the 
remaining 19, or 76 per cent, were far advanced. Of 4 moderately ad- 
vanced under one year, 3, or 75 per cent, showed definite improvement. 
Of 10 far advanced under one year, 3, or 30 per cent, improved, and 70 
per cent retrogressed or died. 

In the group of 14 cases with a duration of less than one year, 6, or 43 
per cent, showed definite improvement. 

In the group of 3 cases with a duration of one to 3 years, 2 were mod- 
erately advanced and one was far advanced; 2 of these were operated on 
to control severe haemorrhage, and both died. The third operation was 
for definite treatment and was followed by improvement. 

In the group of 8 cases with a duration of more than 3 years, 1, or 12.5 
per cent, was moderately advanced and showed improvement following 
operation. Of the 7 far advanced, 3, or 43 per cent, improved, and 4, 
or 57 per cent, either retrogressed or died following operation. Of the 
series of 25 cases, 44 per cent showed definite improvement. 

This figure compares with 43 per cent improvement reported by Cooper 
(4) for all phrenicectomies performed in this hospital and with reports 
from other sources of an average of 45 per cent improvement among the 
combined races. 


THORACOPLASTY 


Of the 7 cases on which thoracoplasty was done, 3 were of a duration 
of less than one year, the remaining 4 varying from 3 to 15 years. All 
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but one were far advanced at the time of admission, the one being mod- 
erately advanced. 

Two postoperative deaths occurred in 7 and 15 days after operation. 
Three other deaths occurred 7 months, 18 months and 25 months follow- 
ing operation. ‘Two cases were improved, and the last available reports 
after periods of 11 and 26 months, respectively, indicate continued im- 
provement. 

It is to be noted that the cases with a duration of less than one year 
gave decidedly better results than the cases of long duration. The 
results are based more on longevity than on mortality. 


SUMMARY 


The indications for and the results from various forms of collapse 
therapy in the white race have been summarized. The available reports 
dealing especially with the Negro race have been reviewed. A study has 
been made of the Negro patients admitted to this hospital who have 
received some form of collapse therapy treatment for pulmonary tuber- 
culosis. 


CONCLUSIONS 


In the type of cases of the Negro race admitted to this hospital, male 
adults of 25 years or more, collapse therapy of some form, when definitely 
indicated, should be attempted. Results will vary considerably, but in 
the main will approximate the results in the white race closely enough to 
reward the physician for his effort and the patient for his codperation in 
submitting to this form of treatment. As to the form of collapse to be 
used, the mental attitude of the patient must be considered as one of the 
most important factors. The Negro is inherently less adapted to long 
hospitalization periods than the white patient, and few of them will 
remain for the period of treatment necessary for artificial pneumothorax. 
But few of them can be expected to carry on with refills after leaving the 
hospital, due partly to their aversion to operative procedures, partly to 
the expense involved, and partly to their isolated home conditions. 
Pneumothorax will remain the collapse of choice, but phrenic exairesis 
must always be available for those patients who exhibit a tendency 
to frequent absences from treatment or an unwillingness to submit to the 
long period of air refills. 

Thoracoplasty, as the most serious operative procedure, must be 
reserved for the most serious cases. It is believed, however, that this 


} 

| 

| 


784 ARTHUR R. GAINES AND PAUL E. KELLER 


operation may frequently be done earlier in the Negro than is the usual 
custom. The reason for this is evident from the remarks previously 
made about artificial pneumothorax. Cases will occur when collapse is 
very necessary and, in a patient who will not submit to the longer and 
slower methods of collapse, thoracoplasty should be done. 

With the exceptions as stated, it is believed that the indications for 
collapse therapy in the Negro race should be identical with the indications 


in other races. 
The results of collapse therapy in this hospital appear to compare 
favorably with results reported among combined races. 
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CONTRALATERAL HAEMOPTYSIS IN ARTIFICIAL 
PNEUMOTHORAX 


Report of a Case! 


JACOB KAMINSKY 


One of the complications which may arise in the course of pneumo- 
thorax treatment in cases of bilateral tuberculosis is haemoptysis from the 
untreated lung. The seriousness of such an accident was brought to my 
attention most strikingly in the following instance: 


The patient, a married woman, 32 years old, was admitted to the Middlesex F 
County Sanatorium October 15, 1931. Her illness began September, 1926, be 
with sudden haemoptysis, prior to which she felt well. She took the rest-cure ki 
for one year and improved much. On August 18, 1928, she was delivered of a 
living child by Caesarean section. Early in 1929 she developed an unproduc- 
tive cough. She had another haemoptysis in June, 1931, and her cough 
became productive. She began to take rest treatment again in June, 1931. 
On admission, clinical and roentgenographic examination revealed far-advanced 
pulmonary tuberculosis, involving principally the upper third of the right lung 
and middle third of the left, with extension into the left apex, while an annular Ya 
shadow was noted in the middie third of the left lung field. The temperature 
ranged from 97.4° to 101°, and pulse from 80to120. The sputum was positive 
for tubercle bacilli. In December, 1931, it was decided to institute artificial 
pneumothorax on the left side, as this was thought to have the more active 
lesion, and that after a period of further observation, collapse on the right side 
might also be considered. Initial pneumothorax was given December 8, 
and subsequent refills December 10, 12, 14 and 17. Air introduced ranged 
from 250 to 400 cc. Initial and terminal manometric readings always on 
negative side. Partial collapse, marginal in appearance, obtained. The air 
showed tendency to collect more at base. On fifth day following last refill 
(December 22 at 11 A.m.) patient had haemoptysis of four ounces. Stated Hs 

that she felt as if the blood was coming from right lung. Condition otherwise 
was unchanged. Pulse and temperature elevated. X-ray of chest on Decem- Ie 

ber 22 showed no marked change in lesion in right lung. It was felt, however, 

that the bleeding was probably from lesion on right side and it was, therefore, be 


1 From Service B, Middlesex County Sanatorium, Waltham, Massachusetts, Dr. Sumner bs 
H. Remick, Superintendent. 
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decided to induce partial collapse on right. At 3:30 p.m. on December 22 
attempt made to introduce air into right pleural cavity, but no free pleural space 
was found: 500 cc. of air then introduced into left pleural cavity, with initial 
manometric reading —8, —4; final reading of —4, —1. Refill on left given at 
this time with idea of lending, perhaps,some support to the bleeding right lung. 
At 8:15 p.m. patient had another haemoptysis (8 ounces), and in a few minutes 
became very cyanotic, was gasping for air, and lost consciousness. Stimulants 
administered, but patient failed to react. I saw patient at 8:30 p.m. She 
presented a picture of suffocation, was in profound shock, unconscious, and 
markedly cyanotic. There was no cough and no more visible haemoptysis. 
I thought then that there was probably an occlusion in the bronchial passages 
on the right, due to blood-clots and this, together with partial collapse of her 
left lung, was cause of her extreme anoxaemia. I therefore introduced a 
needle into left pleural cavity and, with 50-cc. syringe, removed about 1200 cc. 
of air. Patient reacted promptly, began to breathe better, color and pulse 
improved, and she regained consciousness. Her condition improved rapidly, 
and half an hour later she was quite comfortable. Auscultation revealed 
breath-sounds throughout left chest and considerable moisture on right. An 
X-ray film of chest taken following morning showed reéxpansion of the left lung, 
with disappearance of pneumothorax, and on right it appeared to show some 
extension of the mottling in lower part of lung. No attempt was made to 
reéstablish pneumothorax on left. Patient had another haemoptysis December 
27, but without recurrence of the above episode. 


COMMENT 


On account of the patient’s critical condition, no thought could be 
given to physical or roentgenographic examination at that point. Imme- 
diate relief was imperative. However, the symptoms presented by the 
patient and her instant recovery following aspiration of air from left 
pleural cavity tend to substantiate the assumption that there was an 
occlusion in her bronchial tract caused by blood-clots on the right, and 
that the sudden reduction of her vital capacity which was already im- 
paired by the collapse on the left produced an acute anoxaemia. 

Fortunately, the pneumothorax in this case was of recent origin and 
reéxpansion of the lung followed immediately upon aspiration of air from 
the pleural cavity, resulting in prompt improvement in her vital capacity. 
In a long-standing pneumothorax such rapid reéxpansion could not be 
expected, and an accident such as this might have had more serious 
consequences. 

Cases have been reported (1) in which haemoptysis on the diseased 
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side was successfully controlled by collapse of the healthy contralateral 
lung. Pneumothorax for the healthy lung is also employed (2), with a 
view of inducing some degree of collapse or support to the contralateral 
diseased lung which, by reason of pleural symphysis, could not be ap- 
proached directly. In the light of the above experience, such procedures 
do not seem quite justifiable, especially when collapse of the healthy lung 
is to be maintained for a considerable period. 

One may speculate as to value of oxygen therapy in an emergency such 
as described above, or, for that matter, also in other cases of haemoptysis 
uncomplicated by pneumothorax when acute anoxaemia is dominating 
the picture. Oxygen therapy has been found to be of much benefit, and 
often even life-saving in nearly all cases of acute anoxaemia regardless of 
its primary cause (3) (4). Among fatal haemorrhage cases instances are 
met with in which the patient survives the haemotysis for many minutes 
or even hours. It is quite conceivable that at least in some of these cases 
the acuteness of the anoxaemia decides the fatal issue. Prompt institu- 
tion of oxygen therapy might perhaps prove of value in such emergencies 
inasmuch as the readily available oxygen may enhance the effectiveness 
of whatever functioning lung there may be left. 
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AN UNUSUAL OBSERVATION FOLLOWING ARTIFICIAL 
PNEUMOTHORAX! 


SELIG SIMON anp H. S. ABRAMS 


A fairly exhaustive review of the literature has revealed no report of 
the complication to be described. The symptoms of this condition not 
necessarily being alarming and the fact that fluoroscopy is not always 
done following pneumothorax therapy, it is perhaps not unlikely that 
such a state could have been produced without recognition. The follow- 
ing case, in spite of our routine use of the fluoroscope before and after the 
introduction of air into the pleurai cavity, presented a condition which 
we have observed for the first time in a series of several thousand pneumo- 
thoraces. Following is a very condensed form of the history and includes 
the pertinent points: 


J. B., a white man, age 34 years, was admitted to the Sanatorium, November 
5, 1931. Past history relevant in that diagnosis of pulmonary tuberculosis 
was made seven years ago, and attempted lung compression by pneumothorax 
at this time was unsuccessful. Physical examination revealed fibroulcerative 
tuberculosis of left upper lobe, pleural thickening over area of involvement, 
pulmonary retraction on left side, and possible infiltration in right upper lobe. 
Laboratory studies disclosed tubercle bacilli in sputum, and sedimentation 
rate 45 mm. the first hour. The blood showed haemoglobin (Sahli) 70 per 
cent; erythrocytes 4,700,000; leucocytes 10,500; stabkernige 16; granulocytes 
55; lymphocytes 22; monocytes 5; basophiles 1; and jugendliche 1. Urine 
negative. Roentgenographic examination showed cavity in left upper lobe 
with parenchymal infiltration extending downward into basal portion of lower 
lobe, multiple excavation in tip of apex of right upper lobe, and peribronchial 
lymphatic infiltration in right upper and to a less extent in lower lobe. There 
was also right diaphragmatic pleurisy and slight displacement of heart to left. 
Pneumothorax therapy instituted on left side, February 4, 1932. Mano- 
metric readings before introduction of air were 0, minus 1, and final readings 
plus 1 and minus 1. Despite pain experienced by patient we were able to 
introduce 400 cc. of air. He received refills of 200 cc. at weekly intervals, and 
every time the introduction of air was accompanied by severe pain. 
Fluoroscopic examination, July 6, 1932, showed no pleural air-pocket on left 


1 From the Jewish Sanatorium and Chest Service, Jewish Hospital Dispensary, St. Louis, 
Missouri. 


788 


| || 


AN UNUSUAL OBSERVATION 789 


side. The next day, July 7, a refill of 300 cc. of air was given. Initial mano- 
metric readings were minus 2, minus 4, and final readings plus 1, minus 2. 
At this time patient did not complain of any pain, and for this reason he re- 
ceived 300 cc., but immediately after the refill he complained of pressure pain 
in lower portion of right side of chest, the same type of pain experienced during 
each previous refill, but always limited to left side. Fluoroscopic examination, 
fifteen minutes later, disclosed an air-pocket between chest-wall and lung on 
left side. No subcutaneous emphysema. On both right and left sides, imme- 
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Fic. 1. ROENTGENOGRAM OF CHEST, SHOWING No AIR BETWEEN THE DIAPHRAGM AND THE 
DIAPHRAGMATIC PLEURA 


diately above arch of diaphragm, there were two crescent-shaped rarefactions, 
the upper border of which was represented by a dense clearly defined band 
starting from the inner end and terminating at the outer end of the diaphrag- 
matic shadows. This suggested possibility of air between body of diaphragm 
and diaphragmatic pleura on both sides. Radiograms showed same findings. 
Examination in many positions did not show a pneumoperitoneum. The 
feeling of pressure on the right side disappeared within two days. The pleural 
air-pocket could not be seen after three days, and there was no evidence of 
air above the diaphragm one week after introduction of air. 
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As to the mechanism of the production of this complication we can at 
best theorize. In spite of the fact that the pneumothorax needle was in 
the pleural cavity and manometric readings were constantly obtained, it 
is possible that the left diaphragmatic pleura may have been punctured 
and air extravasated through the endothoracic fascia to a corresponding 
position on the opposite side. Again, as a result of the tearing of a left 
diaphragmatic adhesion due to the pressure of the introduced air, the 
left diaphragmatic pleura was torn and the ‘air insinuated itself above 
the body of the diaphragm. However, it is also plausible that a spon- 


Fic. 2. ROENTGENOGRAM OF CHEST THIRTY MINUTES AFTER REFILL, SHOWING AIR 
BETWEEN THE DIAPHRAGM AND DIAPHRAGMATIC PLEURA ON BOTH SIDES AND A 
PLEURAL AtIR-POCKET ON THE LEFT SIDE 
taneous collection of air, due to the tearing of adhesions, occurred on the 

right side and traversed in the opposite direction. 

This case seems noteworthy for the following reasons: (1) Confusion 
may arise in differentiating a collection of air between the diaphragm 
and diaphragmatic pleura and a spontaneous pneumoperitoneum from a 
ruptured hollow viscus. (2) It demonstrates that the diaphragmatic 
pleura can be stripped from the diaphragm without any untoward effects. 
(3) To the best of our knowledge its observation as a complication of 
pneumothorax is for the first time described. 
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A MECHANICAL THORAX FOR EXPERIMENTAL STUDY! 
J. J. SINGER 


Owing to the great interest aroused in the earliest types of intrathoracic 
operations, various types of experimental apparatuses have been evolved. 
It is interesting to note that the mechanics of collapse therapy are quite 
simple and that their employment on human beings is easily applicable. 
But the mechanical dexterity in the use of these various instruments can 
best be developed by experimental trial and error. In the accompanying 
drawing there is illustrated a pneumothorax machine, labelled C, which 
I have already described in the Journal of Thoracic Surgery (June, 1932). 
This machine makes it possible either to introduce air or to withdraw 
it from the chest merely by changing the position of the commutator 
valve. This apparatus consists of two metal chambers, which are made 
of copper and are chromium-plated to prevent tarnishing. In this 
machine we use mineral oil instead of water because we have found that 
it does not corrode the metal parts. The manometer, actuated by air- 
pressure within the chest, indicates degrees from —18 to +18 cc. of 
pressure. The gauge connected with the upper chamber denotes the 
amount of fluid present, so that, when the valve releases fluid, by watch- 
ing the gauge one knows exactly how much air is displaced into the lower 
chamber. There is only one tube connected with the needle which is 
inserted into the chest. The variations in the demands on the machine 
are indicated by the movements of the commutator valve. The appara- 
tus weighs nine pounds and is practically indestructible. 

For experimental purposes I have designed a mechanical thorax, 
marked A, into which there are three openings. Opening no. J leads to a 
balloon, which is encased in a chamber made of metal, the top of which is 
glass. When the tube from the pneumothorax machine is connected 
to opening no. 2 and fluid is permitted to flow from the upper of the 
lower chamber and air is introduced into the mechanical thorax, coinci- 
dently the balloon (mechanical lung) collapses. At 3 is an opening 
which is plugged by a cork. In the illustration B, the valve on the 
pneumothorax apparatus, is regulated, so that air is withdrawn from 

1 From the Department of Medicine, Washington University Medical School, and the 
Medical and Surgical Chest Service, Barnes Hospital, St. Louis, Missouri. 
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the mechanical thorax and atmospheric air rushes through the opening 
at J, thus filling up the balloon (mechanical lung). Through the opening 
3 a thoracoscope D may be inserted. With the thoracoscope in position 
and the tube disconnected at 2, one can introduce a lung cautery used for 
severing adhesions. By manipulating the thoracoscope and the cautery 
one may soon learn the relative positions to be used in severing adhesions. 
If one cannot readily find the cautery point one can look through the glass 
top to see it. Thus by practice the relative positions of the thoracoscope 


(a 
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and cautery can be noted. These manoeuvres may be perfectly simple 
to those who have been doing thoracoscopies for some time but for be- 
ginners and for demonstrations it has been of great benefit and is there- 
fore presented here for consideration. 


SUMMARY 


1. A new metal type of pneumothorax machine is shown. 

2. A mechanical thorax and lung is presented to show how the lung 
expands and deflates with the introduction and aspiration of air. 

3. A new apparatus is presented for experimental work for thoracos- 
copy and cauterization of adhesions. 


The three instruments shown are made by the Phillips-Drucker Company, 922 Pine 
Street, St. Louis, Missouri. 
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FIRST-INFECTION AND REINFECTION TYPES OF 
TUBERCULOSIS:? 


J. ARTHUR MYERS 


“Infection is an unwelcome guest in any pathological state, and it 
leaves behind a trail of undesirable conditions” (1). This statement 
applies to both first infection and reinfection with tubercle bacilli, which 
result in two distinct types of tuberculosis in the human body. The 
first-infection and reinfection types are as different from one another as 
though they were caused by two distinct microérganisms. Usually 
when tuberculosis causes illness both types are present. The first- 
infection type of tuberculosis results from the first invasion of the tissues 
with tubercle bacilli. This may develop in the body of an infant only a 
few weeks old or at any subsequent time in life. The body apparently 
shows a characteristic reaction when it develops. This type of disease 
has been observed to develop in infancy, childhood, and young adult life 
as far as the twenties. Whatever is said about the first-infection type 
of tuberculosis first making its appearance beyond the twenties is largely 
a matter of speculation. To my knowledge, no one has traced a group 
of individuals negative to tuberculin beyond this decade to determine 
the reaction which occurs when the tissues are first invaded with tubercle 
bacilli. 

The lesion produced by the first-infection type of disease varies 
greatly in size. It may be so small that it cannot possibly be demon- 
strated in the living body. Again, it may be so large and produce such 
changes as to cast a shadow on the X-ray films representing an entire 
lobe of a lung (2). This type of lesion may appear elsewhere than in the 
lung; in fact, it often does develop in other parts of the body. Most 
cases of first-infection type of tuberculosis are not detected by physical 
examination even though the X-ray shadow is large. In the majority 

1From the Departments of Preventive Medicine and Internal Medicine, University of 
Minnesota, and the Lymanhurst School for Tuberculous Children, Minneapolis, Minnesota. 
Aided by a grant from the Research Fund of the University of Minnesota. 

2 Presented at a medical session of the Mississippi Valley Sanatorium Association, In- 


dianapolis, Indiana, September 13, 1932, and in part before the Douglas County Medical 
Society, Omaha, Nebraska, October 12, 1932. 
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of cases, the X-ray film does not reveal its location; in such cases its 
presence is made known only through the tuberculin reaction. 

This type of tuberculosis usually is a benign condition. Ordinarily 
it causes no symptoms or such slight ones as to escape the notice of the 
host or his relatives (3). The occasional case develops pleurisy with 
effusion (4), but this is an allergic reaction which appears subsequent to 
the development of the first-infection type of lesion. Practically all 
persons with this type of disease alone bring it under control with little 
or no disability; in fact, the vast majority found to have this type of 
tuberculosis, are unaware of its existence, nor can they point to any time 
when it might have developed. 

The first-infection type of tuberculosis may cause single or multiple 
lesions (5). Around these lesions a capsule develops apparently in a 
short time. While this is developing, there may be considerable collat- 
eral inflammation which, if sufficiently large, is responsible for the 
greater part of the X-ray shadow. Inside the capsule, caseous material 
appears, within which in many cases calcium salts are deposited later (6). 
If the deposition of such salts continues, they are usually laid down from 
the centre outward and in some cases even the capsule may eventually 
contain them. In about 25 to 35 per cent of these lesions studied at 
postmortem by such workers as Sweany (6), true bone is laid down at the 
site of the tuberculous focus. 

Sweany has studied the resorptive stage of the primary lesion and 
states that it is clearly a process of attempted removal of a foreign 
material. He calls attention to the fibrils of connective tissue which 
many times extend from without the inner wall of the capsule into the 
mass of calcified caseous material; and these sometimes erode the inner 
layer of the specific capsule, leaving lacunae, around the walls of which 
fibroésteoid tissue forms. This is followed by the appearance of true 
bone-cells. In some cases, the lesion is broken up into numerous islands, 
and the calcified mass is resorbed by the fibrous tissue as it grows into it. 
Sweany finds that the calcium set free is used to form the new bone-tissue 
around the margin. Finally, he says, only a thin shell of bone remains 
with a net work of capillaries containing newly formed tissue, somewhat 
resembling bone-marrow. In some of the old lesions, only a small spicule 
of bone is left in a completely regenerated lesion. He believes, therefore, 
that the primary tuberculous lesion proceeds toward a complete re- 
sorption. He wonders whether nature may not defeat her own purpose 
in the resorption of these processes, resulting in the freeing of living 
tubercle bacilli. 
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When the primary tuberculous focus begins to develop in the lung, 
the lymphatics carry tubercle bacilli very quickly to the regional lymph 
nodes. If the focus is located near the periphery, where the lymph first 
flows toward the visceral pleura and later toward the hilum, it is not 
uncommon for the pleura to become involved, with resulting pleural 
effusion. Many bacilli are carried to the region of the pulmonic hilum, 
where they are entrapped in the lymph nodes, which may be likened to 
outposts or coast-guards. In these structures tuberculous lesions de- 
velop simultaneously with those in the lungs; caseation occurs, and 
eventually calcium deposits may appear in this caseous material. The 
first lymph nodes involved may break down and allow the escape of 
bacilli to other nodes in the tracheobronchial chain, until eventually 
many nodes may be involved. 

Foster (7) has studied microscopically the lung tissue between the 
primary focus (peripheral pole) in the parenchyma and the regional 
(hilum) lymph nodes (central pole) “because of the possible potentiality 
of small foci between the poles in relationship to ulcerative lesions or 
later outbreaks of tuberculosis.” In one case, 


The distal pole or primary focus, instead of being located in the pleura, was a 
well defined calcified tubercle a centimetre from the pleura in the lung tissue, 
connected with the pleura by a pleural scar. The proximal pole or regional 
lymphatic metastasis, instead of being located in a small pleural lymphoid 
nodule, as was thought, was found in many of the bronchopulmonary lymph 
nodes near the hilum. The nodule in the pleura, toward the hilum in the 
interlobar fissure, was an intermediate hyaline and calcified tubercle. In addi- 
tion, several other small tubercles of the same type were found in the pleura. 
The pleura was scarred at different areas. There was no well-defined lym- 
phatic route traceable from the distal pole of the complex along the bronchi 
or vessels. The perivascular and peribronchial connective tissue was quite 
prominent throughout the lung, however. It is probable that the lymphatic 
drainage from the primary focus took place through pleural channels as well 
as along the peribronchial lymphatics, for, as Miller [(8)] has emphasized, 
narrow areas near the pleura may drain by either of these routes. There were 
two or three peribronchial lymph nodes which contained small nodules of 
healed tuberculosis, and some which were free from tuberculous scars between 
the hilum glands affected with tuberculosis and the primary focus; or, in 
other words, between the poles of the complex. 


Foster believes the reason some lymph nodes in the line of lymphatic 
drainage between the two poles of the complex may escape tuberculous 
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involvement is explained by the work of Miller (9), which showed that 
there is not one continuous chain of lymphatics running between the two 
poles several centimetres apart, but many anastomosing channels. 

The manifestations of the reinfection type of disease are familiar and 
need not be cited. They contrast in essential points and even in details 
with the first-infection type. This contrast lies not in a different causa- 
tive agent, but in the body’s reaction to the same organisms when it 
encounters them a second time. The changed reaction of the body is 
no longer questioned. The moot question is whether this change in 
reaction is beneficial or detrimental. 

The view that so-called tuberculous infection protects the human body 
against illness and death from tuberculosis has been expounded so thor- 
oughly and for such a long time that tuberculization of the race has 
been suggested as the solution of tuberculosis control. Only recently has 
this conception of tuberculosis been questioned. In reviewing the 
literature one is amazed at the number of articles which contain contra- 
dictory statements concerning this subject. By the time such articles 
are read one is not certain as to just what the authors believe; for 
example, it is not uncommon to find at the beginning of an article strong 
recommendations for the protection of all children against exposure to 
tuberculosis. Elsewhere in the article one finds statements to the effect 
that the earlier infections cf children establish resistance against tuber- 
culosis and it is this resistance which prevents an overwhelming mor- 
tality among adults. If the first statement is correct, why is the second 
made? If the second statement is correct, why should one recommend 
that children be protected against exposure to tuberculosis? When 
one asks an author these questions, the classical answer is: “It is a 
matter of preventing massive doses and having the children receive 
just the right dose to bring about immunity.” Yet no one has sug- 
gested an accurate method of controlling the dosage, nor has anyone 
prescribed the proper protective dosage. “A wise man once said that 
the greatest stumbling block to progress is the fact that we know so 
much that isn’t so. If we could approach new subjects with an open 
mind, free from the misconceptions and false ideas of the past, our prog- 
ress would be much accelerated.” Our first stumbling block was that we 
did not recognize the true situation concerning tuberculosis among 
infants and young children. We did not properly distinguish between 
the two types of tuberculosis. We were of the opinion that infants were 
extremely susceptible to tuberculosis; that they had no resistance to the 
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disease; and that many of them died from the first-infection type of 
tuberculosis per se. We were not cognizant of the fact that the vast 
majority of these infants and children who died had manifested remark- 
able ability to control the first-infection type of tuberculosis but that 
the reinfection type from exogenous or endogenous sources had developed 
subsequently and had caused their deaths. Nor did we know that large 
numbers of children had been developing the first-infection type of 
tuberculosis and bringing it under control. In fact those who died and 
about whom we talked so much, were exceptions rather than the rule. 
We had not watched a sufficiently large group of children, to see the 
first-infection type of tuberculosis become clearly demonstrable in some 
cases within a short time after exposure and then to observe a recession 
of such lesions. If we had done this, we would long ago have been con- 
vinced of the true nature of the first-infection type of disease. 

A second stumbling block was that we saw large numbers of children 
and adults with positive tuberculin reactions who were apparently well. 
We said that these individuals had developed tuberculous infection 
without tuberculous disease and that the infection had protected them. 
Our trouble in this group was that we had not followed them over a 
period of years to determine what really happened as far as the develop- 
ment of tuberculosis was concerned. If we had, as is now being done, 
we would have seen many of them fall ill from tuberculosis. 

A third stumbling block was that opinions were expressed, which became 
accepted as facts, to the effect that adults who had not previously come 
in contact with tubercle bacilli would develop rapidly progressive and 
highly fatal disease when infected. In fact, Rich and McCordock (10) 
have recently spoken of the rare adults who escape the protective in- 
fection of childhood. Our trouble here was that no one had actually ob- 
served a group of adults known to have been negative to the tuberculin 
test and then exposed in adult life to determine the effect of the disease 
upon such bodies. If we had, as has recently been observed (4) (11), we 
should have found that an adult previously uninfected reacts to the first- 
infection type of disease, when he becomes exposed, in essentially the 
same manner as a child. Another difficulty was that we assumed that 
practically all adults would react positively to tuberculin without 
actually applying the test and determining the fact. If we had, as has 
recently been done, we would have found that, at least in some parts of 
the country, far less than 50 per cent of young adults react positively (12). 
Indeed, nearly all of our statements were speculations. 
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Our fourth stumbling block was that we inoculated animals with huge 
doses of bacilli and saw them die in a short time. The doses were often 
so large that they caused overwhelming first-infection type of disease 
just as may have occurred in the bodies of children in the Liibeck disaster. 
We then compared the animals to children, forgetting that in nature the 
child usually receives no such dosage and that which he does receive is 
by a different route. To-day we recognize with Krause (13) that dosage 
is of considerable significance. VonBehring (14) likewise found that 
larger doses of tubercle bacilli are necessary to produce disease in adult 


than in baby animals. 
We would have been orientated long ago if we had followed Krause 
(15) when he said: 


At the same time experimenters of large experience become familiar with foci 
of reinfection that do not heal completely; foci which, while remaining local- 
ized or, at the most, spreading slowly, pursue a chronic and long-drawn-out 
course. If an allergic (infected) animal be given very small quantities of 
bacilli by way of reinfection, the resulting acute exudative process is likely to 
subside with fair rapidity (in several weeks), and disappear. If excessive 
numbers of reinfecting bacilli are acting, the animal runs the risk of being 
overwhelmed by the violent and extensive tissue changes and, as commonly as 
not, will die within a few days after reinfection; if it recovers from its acute 
illness, it will proceed to resist the reinfection immeasurably better than will 
an animal given the same inoculation as a first infection. Whatever clini- 
cians or pathologists may say about such fulminant effects of tubercle bacilli 
being due to bodily non-resistance, it is indubitable that they are the expres- 
sions of immunity. Experiment proves unerringly that only the specifically 
immune animal reacts vigorously (acutely and exudatively) to tubercle bacilli. 

But very frequently, if reinfecting “‘dosage” has been moderate, the result 
will be foci of long duration,—of months. Such foci usually ulcerate, as may 
be observed by making inoculations into the skin, and the ulceration may keep 
up for a long time. An observer of this very common occurrence cannot help 
believing that similar ulcerated foci of reinfection, if situated in the human lung, 
would there encounter conditions suitable to have them set up manifest or 
active clinical tuberculosis. 

All this, of course, squares with a point of view that dates back to Roemer 
and is at present being advocated by Opie,—that discrete and chronic pulmo- 
nary foci (so typical of adult tuberculosis) are reinfection foci because of their 
chronicity. The idea is no doubt correct as regards many, though by no 
means all cases. At the same time, one should keep in mind that, even though 
(for argument’s sake) it were granted that every chronic adult focus of the 


FIRST INFECTION AND REINFECTION TYPES 799 


lungs originated as a reinfection in allergic soil, neither its character nor location 
prove anything regarding the source of the reinfection. A new infection from 
an anterior process (metastasis) will set up a formation that is no different 
from that aroused by superinfection from without. If the chronic focus is 
chronic because of the body’s immunity, the presence of the anterior focus 
(with living bacilli) at the time of reinfection is postulated, and is a necessary 
condition to the event. Ifsuch an anterior focus existed it has within it always 
the capability and possibility of sowing the seeds of daughter foci—that is, 
foci of reinfection. 


Opie (16) says, “This immunity is only relative, and can be overcome by 
re-infection with tubercle bacilli in considerable amount or by conditions 
such as malnutrition which depress the resistance of the individual.” 

In the succeeding pages of this paper it is not my contention that no 
immunity develops in tuberculosis. The presence of immunity seems 
to have been well established by numerous investigators, such as Koch 
(17), Roemer (18), Krause, and Opie. It is my contention, however, 
that the immunity established is not sufficient to afford adequate pro- 
tection against illness and death from tuberculosis. Moreover, the 
human body is far better qualified to resist tuberculosis before the so- 
called protective infection develops than it ever is afterward, unless this 
first infection becomes completely burned out and its effects upon the 
body have been entirely eliminated. 

C. A. Stewart (19) says: “One, therefore, may be justified in wondering 
if our natural state of resistance which holds the primary tuberculous 
infection under such perfect control that few among the millions infected 
know when they became ‘tuberculin positive reactors’ can be improved 
upon by any method known to medical science.”’ 

Long (20) says: 


It seems to me that the importance of native immunity to tuberculosis is again 
engaging the attention of pathologists, which for some time past has been 
largely directed toward the more spectacular phenomena of acquired resist- 
ance to this disease. Twenty years ago, when the newly discovered skin 
reactions emphasized anew the enormous extent of tuberculous infection in 
the human race, and at the same time disclosed the surprising youth at which 
this infection occurs, the fact of an apparent universal susceptibility to infec- 
tion with still an obvious resistance to further inroads of the disease soon led 
to a widely prevalent recognition of these first infections as immunizing or 
spontaneously “vaccinating” inoculations. 

The experimental investigations of Paul Roemer on the protective effect of 
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nonlethal inoculations of tubercle bacilli against later heavier infection supple- 
mented and extended the classic obse. vations of Robert Koch on the phenom- 
enon linked with his name. ‘Twenty years of effort to make practical prophy- 
lactic use of the knowledge thus gained are culminating at present in the gi- 
gantic experiment on man of Calmette, and for these two decades there has 
been unceasing experimental inquiry into the underlying mechanism of the 
protection thus conferred. 

Not from any lack of success attending these efforts, but apparently in 
response to a natural law of human behavior compelling a constant review of 
the steps, the pendulum of inquiry is again swinging back to a consideration 
of factors temporarily lost from sight while the phenomena of hypersensitive- 
ness and acquired immunity held the chief attention. Certain unanswered 
questions are again inthe fore. There is not time at present to discuss many of 
these, but attention may be directed with profit to one, the arrest of the initial 
infection. Iam sure that this is a puzzle as much to the matured phthisiolo- 
gist, as to the tyro medical student, who naively gives the information that 
infection in children meets with little resistance to its rapid and ultimately 
lethal progression, and almost in the same breath parrots the astonishing 
paradox that 50 per cent or more of children are infected before they reach the 
age of six. 

The wide variability in the anatomic extent of these first infections, ranging 
from a small fibroid scar to a large calcified primary complex, must have im- 
pressed everyone with moderate experience in the postmortem room. Beyond 
question some of this variation is to be attributed to difference in dosage and 
virulence of the infecting bacilli, but the undoubted cases in which known 
massive and repeated exposure has not led to even initially extensive infection, 
testify sufficiently that the bacillary factor is not the only one involved. Such 
cases rule out as well a dominant réle of locational accident in determining 
the outcome of early infections. 

This raises at once the old question of varying inherent immunity to tuber- 
culosis in the human race. And it is at this point that one must begin dis- 
tinguishing immunity and resistance. In true conformity with a militaristic 
upbringing we have built our young and vigorous sciences of immunology into a 
picturesque belligerency, in which leukocytes attack germs, serum antibodies 
fight their progress and connective tissue cells hem them in like an investing 
and relentless wall of besiegers—a vivid antimicrobial warfare with all the 
traditional interaction of armed conflict. 

In the face of this deeply noted tradition the other possibility, a simple 
insusceptibility, is not particularly alluring. To change the analogy into a 
more pacific cast, we have remembered the encompassing thorns but have 
largely forgotten the stony places which equally made fruitless the freshly 
sown seed in the parable. And yet, as I hope to be able to show later, if we 
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utterly neglect the latter point of view, we are perhaps missing half of our 
opportunity to understand immunity to initial infection. 

The conventional view of resistance to tuberculosis is the one which em- 
vhasizes the obviously protective aspect of its anatomic unit, the tubercle. 


Krause (21) called attention to the fact that resistance to tuberculosis 
is altered in diabetes and obesity. He says: “In our ignorance it is 
significant that diabetes, a so-called disease of metabolism, is associated 
with an unusual tendency to active tuberculosis. . . . What now becomes 
of interest is the undeniable fact that obesity provides peculiarly sterile 
soil for tuberculous infection.” 

Long and Vorwald (22) called attention to the fact that both of the 
pathological states which Krause mentioned are diseases of fat metab- 
olism. In diabetes the trend of fat metabolism is catalytic by way of 
substitution for an impeded sugar metabolism. Glycerol is presumably 
liberated with the breaking up of the fat molecule. In constitutional 
obesity the trend of fat metabolism is synthetic. The fat tends to be 
stored up as neutral fat. This results, they believe, in less glycerol in 
circulation. Since glycerol supports the growth of tubercle bacillus in the 
laboratory incubator, they set to work to determine its effect upon 
tuberculous lesions in rats. When glycerol was injected or fed to tuber- 
culous rats over long periods of time, it appeared to increase the extent 
of the disease, but when an attempt was made to reduce the amount of 
free glycerol present in these animals by the administration of palmitic 
acid, the extent of tuberculosis was usually found to be less than in 
control animals. Petersen (23) believes that: “Freedom from clinical 
tuberculosis depends on natural resistance and not on the immunity. 
There appears to be no escape from this conclusion despite the recent 
work of Calmette.” Smith (1) says: “Acquired resistance is only a spe- 
cific increment of natural resistance, either through a temporary mobili- 
zation of natural forces, or the more prolonged over-activity of some 
element of natural resistance.” Again he says: ‘The primary resistance 
of the host is due to forces inherent in the system.” 

C. A. Stewart (24) finds that 


Follow-up studies over a period of ten years at Lymanhurst indicate that 
primary tuberculous infections are distinctly detrimental in that they alter 
the normal resistance to tuberculosis present in the uncontaminated human 
body in such manner, that instead of again being able to experience the 
benign primary type of tuberculosis, the patient is doomed thereafter to de- 
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velop consumption if successfully reinfected from exogenous or endogenous 
sources. The only method by which consumption can be prevented is through 
the prevention of tuberculous infections. 


Again he says (19) (24): 


Following the first infection by the tubercle bacillus, the human body acquires 
new and abnormal capacities for reacting to the bacillus and its products. 
This experience causes, among other things, the development of a beneficial 
protective immunity which apparently is of relatively low grade, favoring 
destruction and localization of bacilli and increasing the tendency for fibrosis 
and chronicity of tuberculous lesions. This experience also results in the 
development of a detrimental and antagonistic allergy which, according to 
evidence available, is largely responsible for the toxic symptoms of tuberculo- 
sis, and for the widespread tissue necrosis and caseation so characteristic of 
the disease. 


With some stumbling blocks cleared away, we may now venture to ask 
ourselves some questions about the relationship of the first-infection 
type of tuberculosis (so-called tuberculous infection) and the reinfection 
type of disease that causes so much illness and death. If the condition 
that brings about a positive tuberculin reaction has a strong protective 
influence against tuberculosis, we would expect to find such persons 
living out the natural span of life and never being ill so far as tuberculosis 
is concerned. But what are the facts? The first well-established fact 
is that it is usually these persons who do become ill from or-who die from 
tuberculosis. 

Bacmeister (25) found it possible to produce chronic apical tubercu- 
losis in rabbits only when a previous tuberculous infection had occurred 
somewhere in the body. Following his experiments he concluded that 
for the production of chronic pulmonary tuberculosis a relative immu- 
nity is necessary which is produced by an early primary infection. 

Opie says (26): 


Latent apical tuberculosis has been found in the lungs of one in every five of 
the white adults examined. These apical lesions are invariably accompanied 
by evidence of a pre-existing focal infection which has had its origin in child- 
hood. The character and extent of the focal lesions do not differ from those 
of similar lesions found in lungs of adults who have died from diseases other 
than tuberculosis. 

Active pulmonary tuberculosis (phthisis) is always accompanied by evidence 
of a preceding tuberculous infection. Calcified foci of healed tuberculosis 
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are present in the lung substance and in adjacent lymph nodes. These calci- 
fied lesions found in the lungs of those who die with phthisis are usually less 
extensive than those found in the lungs of adults who have died from other 
causes. 


Long, Vorwald and Donaldson (27) injected into the testes of guinea 
pigs virulent tubercle bacilli. Some of the guinea pigs used were nor- 
mal; others had previously been rendered tuberculous and still others 
had previously had dead tubercle bacilli injected into one testis. Thus, 
they had for study of cellular reactions to tubercle bacilli testicular 
tissue, namely, that of the normal animal which had had no previous 
experience with tubercle bacilli; that of the animal which had previously 
been rendered tuberculous but with no apparent involvement of the 
testis; that into which dead tubercle bacilli had been injected directly 
with the thought of producing local immunity and the opposite testicle 
in such animals which appeared to be normal. They studied the cellular 
reactions one, three, six, ten, sixteen, twenty-four, forty-eight and 
seventy-two hours after the living virulent tubercle bacilli had been 
introduced into the testes. In the early hours in all cases the cells 
reacting most actively were the polymorphonuclear leucocytes; in fact, 
in three hours they had phagocytosed practically all of the tubercle 
bacilli. The intensity of exudation of these cells was observed to be 
most marked in the animals which were previously tuberculous. The 
second degree of intensity was observed in the animals previously treated 
with repeated injections of dead tubercle bacilli. Here it was of interest 
to find that, in the untreated testis, the intensity of reaction was approx- 
imately the same as the one previously treated with dead tubercle bacilli. 
This was believed to be due to the general immunization conferred by 
such treatment. The third degree, or the least intense exudative re- 
action, was found in the testes of animals with no previous experience 
with tubercle bacilli. In all of the animals after the polymorphonuclear 
leucocytes had phagocytosed the tubercle bacilli, there next occurred 
many large mononuclear-exudate cells which in turn phagocytosed the 
polymorphonuclear leucocytes. Thus the tubercle bacilli were trans- 
ferred to the cytoplasm of the large mononuclears. The authors con- 
cluded that prompt localization of tubercle bacilli is brought about by 
exudation of polymorphonuclear leucocytes and phagocytosis of the 
tubercle bacilli. While the bacilli are widely spread at first, aggregation 
of the leucocytes containing them soon occurs into distinct and separate 
foci. Thus, the site of the future tubercle is determined. They say: 
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An already present tuberculosis in the animal greatly accelerates the reacting 
capacity of the polymorphonuclear leucocytes. This may be looked on as 
simply one feature of a typical tuberculin reaction. Previous inoculation 
with dead bacilli brings about a similar allergic state, although the acceleration 
and increased intensity of inflammatory reaction over that seen in the normal 
animal are not nearly so great as in the truly tuberculous animal. 


Gardner (28) made histological studies of tissue reactions to primary 
infection and reinfection with the tubercle bacillus. The subperitoneal 
tissues were used, and they were found to meet the primary infection 
with a slight proliferation and reinfection with an inflammation accom- 
panied by accelerated proliferation. He says: 


Both sensitized and nonsensitized animals respond immediately to the injec- 
tion of tubercle bacilli with an acute inflammation. But in the primary in- 
fection, this reaction is nonspecific in nature, and it completely disappears 
after forty-eight hours. In the re-infection, the nonspecific exudation is 
accentuated by hypersensitiveness, and inflammatory phenomena do not 
disappear, but continue with increasing severity throughout the course of the 
disease. 


Thus, fixation of tubercle bacilli of reinfection which has also been so 
clearly described by Krause is a definitely established fact. A previous 


infection resulting in allergy seems to be responsible for such fixation. 
If the intense exudation of polymorphonuclear leucocytes resulting in 
phagocytosis of tubercle bacilli with the subsequent phagocytosis of the 
polymorphonuclear leucocytes by the large mononuclears resulted in 
destruction of the tubercle bacilli, all would be well but, unfortunately, 
they are only gathered together and fixed where they may immediately 
or at some subsequent time multiply and result in chronic tuberculosis 
with its two main characteristics: Proliferation of the local connective- 
tissue cells and necrosis which may and often does lead to cavitation 
when the lesion is in the lung. 

The next question is what percentage of these persons reacting posi- 
tively to the tuberculin test actually fall ill from tuberculosis. An 
accurate answer to this question cannot be given, since no one or no 
group of workers has ever observed a large number of persons from 
infancy throughout the span of life to determine how many of those re- 
acting positively actually fall ill or die from this disease. Hill (29) 
estimates that 10 to 20 per cent of those reacting positively to the tuber- 
culin test fall ill from tuberculosis. 
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In the past we actually allowed ourselves to stand in the way of the 
program of eradication of tuberculosis from domestic animals which the 
Bureau of Animal Industry of the United States Department of Agri- 
culture and its contemporary organizations have been promoting on the 
ground that our children needed the bovine type of tubercle bacilli 
which they would get in dairy products from tuberculous herds in order 
to protect them against tuberculosis. When we have taken such a stand, 
we have usually had in mind other people’s children, for not one of us 
would wilfully introduce into the bodies of our own children living viru- 
lent tubercle bacilli of human or bovine strains in carefully counted doses, 
nor would most of us permit the introduction of a strain attentuated 
in virulence, such as BCG. We are aware of the possible dangers of 
such a procedure, yet we have recommended unknown and uncontrolled 
doses through exposure in order to create so-called protection. 

D. A. Stewart (30) says: ‘We surely will not be satisfied to get our 
tuberculosis protection only by chance infections from uncontrolled and 
uncontrollable tuberculosis. The price is too high.” 

The next question is how did the mortality from tuberculosis in this 
country, in the days when it was estimated that approximately 100 
per cent of the young adult population reacted positively to tuberculin, 
compare with the mortality right now, when in many parts of the coun- 
try not more than 30 or 40 per cent of the young adults react positively? 
If we go back one hundred years, we find a mortality of approximately 
450 per 100,000 persons living. To-day the mortality in this country 
is less than 80. Therefore, it would appear that the condition resulting 
in the positive tuberculin reaction believed to be almost universal one 
hundred years ago did not protect very effectively. 

Where actual observations (31) (32) (33) (34) have been made, many 
more Indian and Negro children have been found to react positively 
to the tuberculin test than white children in the same communities. 
If the condition resulting in a positive tuberculin reaction is strongly 
protective, one would expect that the incidence oi disease and the mor- 
tality from tuberculosis would be much lower among the adult popula- 
tion of the Indians and Negroes than among the adult white population 
of the same area. Yet the mortality is far greater among the Indians 
and the Negroes than among the whites. Therefore, it would not appear 
that the Indians and Negroes are much protected by the positive tuber- 
culin reactions. Recent observations are leading to the belief that 
Indians and Negroes of this country are not more susceptible to tuber- 
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culosis than the white race; therefore, the reactions of individuals of these 
races apparently are the same under similar conditions. 

Bishop and Stewart (35) say: “Tuberculous infection precedes tuber- 
culous disease.” It is only logical, therefore, that a far greater number 
will fall ill from tuberculosis when the incidence of positive reactors is 
very high among the children and young adults than will fall ill when 
the incidence of positive reactors is very low among the children and 
young adults. 

Opie says: “When acute miliary tuberculosis has occurred in adults 
it has not been accompanied by calcified lesions within the lungs, and 
the pulmonary lesion in these instances unlike the phthisis of adults has 
had the characters of a first infection. These observations indicate that 
general dissemination occurs because the adult has not been made 
resistant by infection acquired during childhood.” Since this statement 
was made a good many cases of miliary tuberculosis have been diagnosed 
by X-ray. Among them, it has not been so uncommon to detect evi- 
dence in the form of calcium deposits of previously existing childhood 
tuberculosis. In the cases Opie describes, it appears that the first- 
infection type of lesions in the lungs were rather recent. Nevertheless, 
they must have been present sufficiently long to produce hypersensitive- 
ness, so that when tubercle bacilli found their way into the blood-stream 
they lodged on allergic soil and produced the reinfection type of tuber- 
culosis with such large numbers of foci that the bodies of the patients 
were overwhelmed before they could offer effective resistance. Ap- 
parently, this is what occurs in the bodies of infants who succumb to 
miliary tuberculosis. Moreover, Terplan (36) calls attention to the 
work of Schiirmann, which includes 1,000 cases among whom were five. 
adults in the fifth, sixth, and seventh decades of life with typical miliary 
tuberculosis and still with typical calcified primary complexes. Schiir- 
mann also showed that 25 per cent of all cases of progressive pulmonary 
tuberculosis with bronchial and peribronchial spread showed definite 
signs of generalized haematogenous dissemination. Terplan states 
that from the anatomical evidence available we must modify the idea 
that haematogenous dissemination is always inhibited by the calcification 
complex. 

For a long time we believed that tuberculous meningitis was caused by 
first infection with tubercle bacilli in massive doses largely because many 
infants died of meningitis. To suggest any other possibility would have 
been looked upon as sacrilege. However, Rich and McCordock (10) 
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confirmed the word of Péron (37) which proved that it is impossible to 
produce diffuse meningitis in animals by introducing tubercle bacilli 
into the blood-stream even when the carotid artery is used. When 
bacilli are introduced into the subarachnoid space diffuse meningitis 
results. In postmortem examinations of human brains and spinal 
cords they found previous local caseous foci in communication with the 
meninges in thirty-six out of forty cases of tuberculous meningitis. 

Again Opie (38) says: “Civilized races are permeated with tubercu- 
losis and this permeation is their chief source of protection.” Opie is 
here expressing a rather general belief that much infection in a race 
protects against great suffering from tuberculosis. Although most of 
us have been guilty of expressing such a belief, recent evidence does not 
substantiate it. 

Dublin (39) has called attention to the tuberculosis mortality in cer- 
tain European cities before, during, and following the World War. He 
points out that in the German cities with populations of 15,000 and over, 
the death-rate in 1913 was 157 per 100,000; but in 1918 it was 287. In 
1913 the death-rate in Vienna and Warsaw was 302 and 306 respectively, 
but in 1917 it had risen to 425 for Vienna and 840 for Warsaw. How- 
ever, in 1920, it had declined to 405 and 338 for Vienna and Warsaw 
respectively. Belgrade shows a mortality of 1,400 per 100,000 during 
1918. Recent figures show that the death-rates in these cities have 
returned to approximately where they were at the beginning of the war 
and in some cases are now even lower. 

Here it would appear to have been a matter of much reinfection both 
from exogenous and endogenous sources. Public-health and preventive 
measures could not be practised as previously; hence open cases of tuber- 
culosis were allowed to spread their bacilli to those whose tissues were 
allergic by reason of old first-infection type of disease. Many with the 
first-infection type by reason of hardships attendant upon the war, 
were unable to hold their lesions under control. Bacilli liberated from 
such lesions endogenously reinfected and caused destructive forms of 
disease. 

The converse belief that primitive races are susceptible to tuberculosis 
because of a lack of protecting infection has also been generally held. In 
South Africa (40) the gold-mining industry employs large numbers of 
natives; in fact, 200,000 are employed in the gold mines of the Rand. 
A little more than one-half of them are obtained from British South 
Africa and the remainder from Portuguese East Africa. In 1925 the 
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Transvaal Chamber of Mines through its Gold Producers’ Committee 
considered the advisability of instituting a campaign against tubercu- 
losis in the mines. A Tuberculosis Research Committee was appointed, 
and the intracutaneous tuberculin test was adopted. A single dose 
consisting of 0.1 cc. of a 1 to 5,000 dilution of Old Tuberculin was used. 
From April 1, 1928, to September 30, 1930, 93,979 boys were tested. 
Sixty-five per cent of these native boys reacted positively to the test. 
During the period of study, 452, or 738 per 100,000, of the boys positive 
to the tuberculin reaction when admitted to work fell ill from tuberculo- 
sis. Among those who were negative to the tuberculin test when ad- 
mitted to work only 114 or 347 per 100,000 fell ill from this disease. 
Among those boys who had a markedly positive tuberculin reaction, 
1,547 per 100,000 fell ill, while, among those with a moderately positive 
reaction, 683 per 100,000 were ill from the disease. Thus, symptom- 
producing tuberculosis developed twice as often in the positive group 
as in the negative group. The Committee was forced to the conclusion, 
therefore, that a native mine-boy reacting positively to tuberculin has 
under the conditions of the mines a greater liability to tuberculosis than 
the native mine-boy reacting negatively to tuberculin. Thus, it ap- 
peared that the highest resistance to infection was manifested by the 
negative reactors. Their findings lead them to state that the more 
positive the reaction the greater is the likelihood of the native mine-boy 
to develop tuberculosis in the course of his engagement in the gold mines. 
Generalized tuberculosis, which includes miliary and meningitis, was 
almost as much the rule in the positive reactors as it was in the negative 
reactors. 

In discussing the view that is commonly held to the effect that a 
community, virgin from the tuberculosis point of view, has poor resist- 
ance to infection, they state that this is certainly not the case, taking 
as a whole the group of mine-boys who give no reaction to tuberculin, 
and there were over 30,000 such boys in the group they studied. They 
are of the opinion that, in so far as invasion by the virus confers any 
benefit, it is in the direction of resistance to virulence and not in the 
direction of resistance to infection. They conclude that inoculation 
with some form of virus to tuberculosis is unlikely to raise the mine- 
boy’s resistance against infection. They also conclude that the mine- 
boy is not likely to spread in his kraal a type of tuberculosis that Euro- 
pean children do not spread among their contemporaries. They 
believe that the presence of allergy is not evidence of the presence of 
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useful resistance. They call attention to Wingfield’s statement (41) 
to the effect that “high tissue allergy or hypersensitiveness is a dangerous 
condition (in moderation it may be protective).” From their own 
experience, however, they found that, from the point of view of resistance 
to infection, any allergy at all puts the native in a less favorable position 
than does no allergy, and the higher his allergy the more unfavorable his 
position. 

These observations may throw some light on the present controversy 
as to whether it is safer for the young women and young men with posi- 
tive tuberculin reactions than it is for those with negative reactions, to 
enter schools of nursing and medicine where inadequate protection is 
afforded them against exposure to tuberculosis. In the South African 
study, one wonders about the interval in the negative group, between the 
development of allergy and the appearance of symptoms, as well as the 
type of lesions they developed. Among Heimbeck’s (41) student nurses 
who were negative to the tuberculin test as probationers, there have been 
a few fatalities. This is exactly what one might expect, since young 
adults previously negative to tuberculin react to tubercle bacilli approx- 
imately as infants and children do with proportionate dosage. In every 
large group infected for the first time, the vast majority will control 
the tuberculous foci without the appearance of symptoms. However, 
there will be a small number who, although they are tolerating the first- 
infection type of disease well, will become reinfected exogenously or 
endogenously and fall ill, and some will even die from the reinfection 
type of disease. The similar group of students (4), (43), (44) of medicine 
and nursing which we have been observing at the University of Min- 
nesota has been more fortunate in that only one of them has developed 
the reinfection type of tuberculosis and he is controlling it well. None 
of our first-infection type of lesions has caused symptoms except when 
allergic reactions develop, such as pleural effusions. 

The review of the facts which have recently been established concerning 
the first-infection and reinfection types of tuberculosis raises the question 
of how this information influences our present and future course in 
handling the disease. Since the basis of our actions is a recognition of 
the two types of tuberculosis, it is essential that the relationship between 
infection and disease be clarified. 

In the past a positive tuberculin reaction, in the absence of symptoms, 
abnormal physical signs, abnormal shadows on the X-ray film and de- 
monstrable tubercle bacilli, was spoken of as indicating tuberculous 


{ 
\ 
i 
\ 


810 J. ARTHUR MYERS 


infection. A very sharp dividing line was set up between tuberculous 
infection and tuberculous disease. So often in such cases the physician 
would say, “Yes, your tuberculin test is positive,” but he would then 
hasten to state that everybody has a positive tuberculin reaction and 
that it only means infection in the absence of disease. “It is of no 
significance,—in fact a good thing,”’ he would say, and dismiss the case. 
In another group of cases reacting positively to the tuberculin test, 
symptoms, abnormal physical signs and positive laboratory findings 
were absent, but the X-ray film would show evidence of calcium deposits 
in the lung parenchyma or the hilum region. In such cases, the physi- 
cian would hasten to say, “These are of no significance; they just rep- 
resent old healed scars which developed as a part of the infection; in fact, 
they indicate that you have been vaccinated against tuberculosis.” 
In other words, such cases were considered as having tuberculous in- 
fection in the absence of tuberculous disease. It is clear now that no 
sharp dividing line should ever have been drawn between so-called 
tuberculous infection and tuberculous disease. Our great trouble was 
that we were waiting for gross lesions to loom, before we were willing 
to consider an individual as tuberculous. There truly exists a great 
unseen field in tuberculosis which might be likened to the field of micro- 
organisms before the days of the microscope. 

By perfecting our methods of investigation through the use of the 
X-ray, tuberculin testing, etc., we have been able to visualize a part of 
this field; but, when X-ray films are compared with postmortem findings, 
we are impressed with the fact that much pathological involvement may 
exist within the body which cannot yet be visualized during life. For 
example, tuberculous lymph nodes cannot be demonstrated by the X-ray 
film unless they become so large and extend outward from the medias- 
tinum so as to definitely encroach upon the lung parenchyma, or when 
sufficiently large amounts of calcium have been deposited to cast X-ray 
shadows. Even when calcium is present, it is more frequently missed 
than found by X-ray examination of the living chest (42). 

In the examination of 188 lung specimens, Sweany (6) found evidence 
of calcium deposits in the antemortem films in forty-eight. At post- 
mortem he removed the lungs, inflated them, and again made films, 
in which he was able to demonstrate calcium deposits in 98 cases. 
Sweany developed a technique which will detect in postmortem inflated 
lungs calcium deposits as small as a millimetre in diameter. But, no 
doubt, after calcium deposition begins, a long period may intervene 
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before the deposit is a millimetre in diameter and a greater period of 
time is required before it reaches a sufficient size to be detected by X-ray 
films antemortem. Miller says (45): “With a technique of examination 
based upon careful study, a calcification of tuberculous first infection 
in the thorax is demonstrable roentgenographicaily in only about one- 
fourth of the existing cases.” 

At the postmortem table, it is a common experience to find tubercu- 
lous tracheobronchial lymph nodes with deposits of calcium which might 
or might not be demonstrated antemortem embedded in caseous material 
which in turn is not revealed by antemortem X-ray films. Thus, we 
have a disease caused by first infection with tubercle bacilli, which, if it 
becomes sufficiently large or extensive to be detected during life, appears 
quite soon after exposure and which is met with such resistance on the 
part of the human body that it often is held under control over not only 
months and years but frequently throughout the life-time of the individ- 
ual. Therefore, the uninfected human body is extremely resistant to 
tubercle bacilli. 

It is now a well-established fact, through the researches of Baldwin 
(46) and Krause (15), that a positive tuberculin reaction results only 
from tubercle-formation somewhere in the body. The positive tuber- 
culin reaction is an indication of allergy or hypersensitiveness, but ap- 
parently gives us no definite information regarding immunity. Krause 
(15) says: ‘Allergy to tuberculoprotein always comes into being through 
the establishment of focal tubercle, and in this way only.” Tubercle- 
formation is a disease process. Therefore, every positive tuberculin 
reactor is a case of tuberculosis. It is true that large numbers of re- 
actors have only that benign first-infection type of disease. However, 
because we are unable, by our present crude methods of examination, to 
detect the focus in the living body in many of these cases, we have no jus- 
tification for speaking of infection in the absence of disease. Even at the 
postmortem table in some cases the lesions which result in positive 
tuberculin reactions may be so slight as to escape detection unless one 
were to examine the involved parts microscopically. Nevertheless, 
these microscopic lesions represent areas of tuberculous disease, usually 
of the benign first-infection type. 

The recovery of tubercle bacilli from the patient’s excreta is conceded 
to establish the presence of disease although other findings may be nega- 
tive save for the tuberculin test. For a long time there has been con- 
siderable discussion about the type of lesion and the elimination of 
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tubercle bacilli from the body. One group has clung to the view that 
it is necessary to have demonstrable parenchymal adult lesions in order 
to demonstrate tubercle bacilli in the sputum. However, the fact has 
been established that adults with or without Ghon tubercle-formation, 
but with definite calcium deposits in the region of the lung hilum, may, 
at times, have an abundance of tubercle bacilli in their sputum, even 
though no parenchymal lesion of the adult type can be demonstrated, 
during life. Opie and Aronson (47), Robertson (48), and Sweany (6), 
have called attention to the presence of tubercle bacilli in primary le- 
sions containing calcium, which during life the roentgenologist might 
have called healed lesions. When careful studies are made of gastric 
contents and faeces of infants and children, with demonstrable childhood 
type of tuberculosis but with no demonstrable adult type of disease, it is 
surprising how often tubercle bacilli are found (49), (50), (51), (52), 
(53), (54), (55), (56), (57), (58). Recent observations are bringing to 
light evidence to substantiate facts which we formerly believed to be 
impossible; namely, the finding of tubercle bacilli in the gastric contents 
and in the stools of infants and children who are positive to the tuberculin 
test but who present no definite lesions demonstrable by X-ray or other 
phases of examination. Indeed, one case was reported by Ligner (59) 
in which tubercle bacilli were demonstrated during the preallergic stage. 
Obviously, such findings indicate the presence of tuberculous lesions 
which we are unable to visualize, and incidentally they very materially 
increase the public-health aspects of tuberculosis. 

The testing of domestic animals and the slaughtering of positive 
reactors has provided us with much information concerning the signifi- 
cance of positive tuberculin reactions (60), (61), (62). Animals reacting 
positively to the test show a very high incidence of demonstrable lesions 
when slaughtered. To teach that tuberculous infection exists in the 
absence of disease and, therefore, a positive tuberculin reaction is of 
no significance, is a great handicap in our present and future campaign 
against tuberculosis. If our Live Stock Sanitary Boards had been so 
short-sighted in their programs of tuberculosis eradication, the most 
outstanding demonstrations ever made in tuberculosis control in this 
country would not have been possible. In the light of our recent knowl- 
edge of tuberculosis, we should disregard the dividing line which has 
previously been set up between tuberculous infection and tuberculous 
disease and look upon every positive tuberculin reactor as one whose 
body contains tuberculosis. From this point on, it is a matter of the 
type of tuberculosis, as well as severity and extent of the disease. 
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The importance of prevention as a factor in modern medicine is under- 
stood even by the layman. The question in tuberculosis as to what mode 
of prevention should be endorsed is before the medical profession. 
Enough knowledge is now extant so that a definite method of prevention 
can be adopted which has already proved its efficacy, and which, if 
deliberate and conscious efforts are made to further the work, will yield a 
most gratifying result eventually. 

Since the children and adults who are negative to the tuberculin test 
do not, as long as there is no exposure to tuberculosis, provide any cases 
of illness and death from this disease, it would seem far more logical to 
control tuberculosis through the prevention of exposure than to depend 
upon any present-day method of bringing about an immunity which 
does not satisfactorily immunize. 

It is true that in some parts of the country there still exist hot-beds of 
tuberculosis, particularly in certain sections of our great cities. Here 
the incidence of positive tuberculin reactors is still very high. The 
tuberculosis workers see little hope of controlling the disease through 
seeking sources of exposure and treating them as cases of communicable 
disease since their numbers are so great. Such workers are still hopeful 
that an effective immunizing agent is near at hand. They object to the 
statement that every one of their positive reactions is a potential case 
of symptom-causing tuberculosis. They still want to believe that all 
of those children are protected; nevertheless, the fact is clear that this 
group of positive reactors will provide them with the greater part of 
their tuberculosis load of the future. To pacify themselves with the 
hope that an adequate method of immunization is near at hand will not 
suffice. No such method has ever existed, nor is there much hope of one 
being developed in the near future. Although the method advocated 
in this paper of protecting against exposure to tubercle bacilli seems 
like an almost insurmountable task in these highly infested areas, never- 
theless, it is the only worth-while method ever practised. It is the method 
which has resulted in such tremendous reduction in the incidence of 
positive reactions in the human family in this country and which has 
led to the complete eradication of tuberculosis from the cattle population 
of whole counties in the United States. Let us not forget that before 
the program for eradication of tuberculosis from the cattle of this country 
was well under way statements such as the following were rather fre- 
quently made (63): “No effective control of bovine tuberculosis is 
possible. To use the tuberculin test for its detection and to destroy all 
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cattle which give the reaction would result in economic losses impossible 
for the state to meet.” 

D. A. Stewart says (64): “If every single present case of positive 
tuberculosis were fully dealt with by diagnosis, observation, treatment, 
segregation, and adequate control, there would be no future cases.” 

Therefore, if we take 1,000 children who react positively to the tuber- 
culin test, according to Hill’s (29) estimate, from 100 to 200 of them will 
fall ill from tuberculosis. But, if we take 1,000 children who react nega- 
tively to tuberculin and protect them from all exposure, not one will 
fall ill from this disease. It might not be possible to protect all of the 
1,000 against exposure, although among every 3,000 students entering 
the Universities of Wisconsin and Minnesota, more than 2,000 react 
negatively. The longer they can be protected the better, inasmuch as 
every uninfected child or adult has two chances with tuberculosis. 

Considerable evidence has accrued (2) (24) (65) and more is accruing 
to prove that after bringing under control first-infection type of tuber- 
culosis the human body has lost much of its natural resistance, and 
henceforth is in considerable danger of developing an entirely different 
type of tuberculosis, one which it often is not capable of keeping 
under control. Apparently there are two great dangers subsequent to 
the development of first-infection type of tuberculosis: One is that this 
type of disease results in a hypersensitiveness of the body tissues to the 
protein content of tubercle bacilli. This hypersensitiveness makes both 
endogenous and exogenous reinfection dangerous. In reality, it is 
responsible for practically all illness and destruction from tuberculosis. 
The second danger is from the foci themselves, which may at any time 
liberate tubercle bacilli into the bronchial tree, into a lymphatic duct, 
such as the thoracic duct, into a blood-vessel, peritoneal cavity, pleural 
cavity, subarachnoid space, ventricles of the brain, etc., thus resulting 
in endogenous reinfection. 

One group of workers clings to the view presented by Ranke (66), who 
speaks of tuberculosis as presenting primary, secondary and tertiary 
stages, thus likening it to syphilis. He believes that the primary stage 
is usually in the lung parenchyma, the secondary stage in the regional 
lymph nodes, and the tertiary stage back in the lung parenchyma. Like 
syphilis, the tertiary stage is the destructive one. 

Another group of workers clings to the view that most of the destruc- 
tive forms of tuberculosis, particularly of the lungs, are due to exogenous 
reinfection. A third group is of the opinion that all destructive forms of 
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tuberculosis, wherever they attack the body, are due to reinfection and 
that some such reinfections may be due to both exogenous and endo- 
genous sources. Regardless of opinions held, the fact remains that 
destructive types of tuberculosis follow the first-infection type, whether 
the latter is so located or is sufficiently extensive to be demonstrated 
during life, or whether its presence is made known only through a positive 
tuberculin reaction. 

Granted that tuberculosis acts like syphilis in its primary, secondary 
and tertiary stages, and that exogenous reinfection plays no part, is it 
good to let the first-infection stage develop? Granted that exogenous 
reinfection is always necessary, is it still good to allow the first infection 
to occur? Would we recommend that everyone be infected with 
syphilis? If we develop tertiary disease from the childhood type, then 
it is detrimental to get first infection. If we develop reinfection follow- 
ing allergy, then it is also unwise economy to develop first-infection type 
of disease. We must not overlook the fact that all of the large number 
of persons ill from tuberculosis in the world to-day were at one time only 
positive tuberculin reactors. That is, there was no other demonstrable 
evidence of tuberculosis in their bodies. Obviously for them it was not 
good to allow this condition to develop which resulted in a positive 
tuberculin reaction. 

From observations on children extending over more than eleven years 
at the Lymanhurst School for Tuberculous Children, we have come to 
the conclusion that producing the first-infection type of tuberculosis 
in the bodies of infants, children, or adults, may be likened to the placing 
of tombs in their bodies. How these bombs are timed or how and when 
the fuses are lighted cannot yet be determined. Some may be timed 
for a few months; others for one hundred years or more; and still others 
for any intervening time. No doubt many prove to be duds in that the 
fuse is never lighted or becomes extinguished, or that the bomb, itself, 
is completely destroyed or removed by the resisting forces of the body 
before the time arrives for its explosion. Many conditions may de- 
velop which prevent the bomb from exploding. Death from accident 
or other causes frequently prevents a breakdown from tuberculosis, and 
at the postmortem table in the past we have found the bomb and have 
said, ‘How harmless, how it must have saved the individual from a death 
of tuberculosis.”” Yet in reality all of its potentialities were there. 
This might even be said of the man who dies of apoplexy at eighty, in 
whose body is found to exist calcified and caseous lesions of the first- 
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infection type of tuberculosis. Had he lived to ninety, reinfecton type 
of tuberculosis might have caused his death. Exogenous reinfection 
through exposure to tuberculous patients may light the fuse resulting in 
destruction. Everyone who has carefully observed cases of tuberculosis 
has seen the destructive type of disease in its various forms develop in 
every decade of life in the bodies of persons carrying Ghon tubercles and 
calcium deposits in the hila. 

In figure 1 is seen the evidence of miliary tuberculosis in the lungs of a 
female infant of five months. Here one sees in the right lung at the 


Fic. 1 Fic. 2 


Fic. 1. E. L., female, age 5 months. History of exposure. Film of chest made October 
8, 1929, shows miliary tuberculosis with first-infection type of tuberculosis, (inflammatory 
stage) in midportion of right lung. Findings confirmed by postmortem examination. (X-ray 
film made by Dr. Walter H. Ude and postmortem examination by Dr. N. H. Lufkin.) 

Fic. 2. J. M., female, age 5 years. History of exposure. Film of chest made March 11, 
1929, shows evidence of calcium representing first-infection type of tuberculosis at right base 
which was previously overlooked. X-ray diagnosis, miliary tuberculosis. Findings con- 
firmed by postmortem examination. (X-ray film made by Dr. Walter H. Ude and post- 
mortem examination by Dr. N. H. Lufkin.) 


level of the third interspace a shadow interpreted as a first-infection type 
of tuberculosis in the inflammatory stage. How long it has been present 
no one knows since there is no previous X-ray record available. The 
fact is well established, however, that the presence of allergy can be 
demonstrated by the tuberculin test before any evidence of disease is 
demonstrable by the X-ray film. Therefore, this first-infection lesion 
had been present for some time. In all probability, tubercle bacilli 
from it or the regional lymph nodes which drained it escaped into the 
blood-stream in large numbers and, falling upon allergic soil, produced 
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the miliary disease. Therefore, miliary tuberculosis in this infant is a 
reinfection type of disease of great destructiveness. The X-ray findings 
in this case were confirmed by postmortem examination. 

Figure 2 was made from an X-ray film of the chest of a child of five 
years. Here again we see evidence of miliary tuberculosis involving 
both lungs. In this illustration the first-infection type of disease could 
not be located with certainty on the X-ray film. However, it was found 
at the base of the right lung at autopsy and already contained calcium. 


Fic. 3 Fic. 4 


Fic. 3. F. O., female, age 9 years. Exposed to mother who died six years ago. X-ray 
film of the chest on June 9, 1931, shows evidence of first-infection type of tuberculosis, as 
indicated by calcium deposits in the right hilum region and multiple Ghon tubercle-formation 
in the lung parenchyma on the right side. At the age of seven years the left kidney was found 
to be tuberculous and was removed. 

Fic. 4. R. B., female, age 10 years. History of exposure to tuberculosis. X-ray film 
of the chest made on January 28, 1932, shows evidence of reinfection type of pulmonary tuber- 
culosis within the circle of the first rib on each side. Note evidence of Ghon tubercle-for- 
mation in the base of the right lung near the cardiophrenic angle and calcium deposits in the 
right hilum. 


There could, therefore, be no question that this child’s body was hyper- 
sensitive and that the bacilli, which found their way from the first- 
infection lesion into the blood-stream, fell upon allergic tissues where 
miliary disease developed. Here again we find the miliary tuberculosis a 
reinfection type of tuberculosis with fatal termination. 

The reinfection type of disease at this age-period does not necessarily 
develop in the lungs. It may and often does make its appearance in 
other parts of the body. In figure 3 such a case is illustrated. This 
girl of nine years has clearly demonstrable evidence of the first-infection 
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type of tuberculosis as indicated by deposits of calcium in the right lung 
and hilum. Her destructive reinfection type of disease made removal 
of the left kidney necessary. 

As the second decade of life begins, those children previously exposed 
are in danger from the reinfection type of tuberculosis. The chest of a 
girl of ten years is illustrated in figure 4. This child has had much 
exposure in the home over a considerable time. Evidence of a definite 
deposit of calcium partially covered by the cardiac shadow is seen in the 
base of the right lung, in addition to deposits of calcium in the right 


Fic. 5 Fic. 6 


Fic. 5. M. S., female, age 11 years. No known history of exposure. X-ray film of the 
chest made on April 26, 1926, shows evidence of calcium deposits in the region of the left 
hilum and in the extreme base of the left Jung, visualized through the gas-bubble in the 
stomach. There is very slight change in the extreme apex of the left lung, representing be- 
ginning reinfection type of pulmonary tuberculosis. - 

Fic. 6. M.S. Same chest as seen in figure 5. Film made on June 4, 1930, shows cal- 
cium deposits still present. There is now evidence of extensive pulmonary tuberculosis of 


the adult type involving the left lung. 


hilum region. In both apices is seen evidence of the reinfection type 
of tuberculosis which probably is the source. of tubercle bacilli in her 
sputum. 

As the second decade of life advances, the frequency of the reinfection 
type of tuberculosis increases rapidly. The chest of a girl of eleven years 
is illustrated in figure 5. In the right hilum is evidence of calcium 
deposits. Another one, probably representing a Ghon tubercle, is 
visualized at the extreme base of the left lung through the gas-bubble in 
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the stomach. There is evidence of very minimal reinfection type of 
tuberculosis in the right apex. Four years later, films of the chest, 
figure 6, show the reinfection type of disease in an advanced stage. One 
may say that the slow development was due to immunity resulting from 
the first-infection type of disease in this case. Probably so; but, if the 
first-infection type had not been present, the reinfection type would have 
been an impossibility. Another similar case is illustrated in figure 7. 

In the second decade of life, as in the first decade, the destructive 
reinfection type of disease does not necessarily confine itself to the lungs. 


Fic. 7 Fic. 8 


Fic. 7. G. A., female, age 16 years. History of exposure. Film of chest made on June 
12, 1929, shows evidence of reinfection type of tuberculosis in the right upper lobe. Note 
calcium deposits, representing first-infection type of tuberculosis, within the circle of the 
first rib on each side and in the third interspace on the right side. 

Fic. 8. M. L., female, age 18. Film made on April 11, 1931, shows evidence of first- 
infection type of tuberculosis as indicated by calcium deposits in the right hilum region. 
There is a small area of disease at the level of the third interspace on the left side, which 
probably represents reinfection type of tuberculosis. In April, 1931, the right foot was 
amputated because of tuberculosis involving the bones and joints. 


In figure 8 the chest of a girl of eighteen years is illustrated. There is 
seen definite evidence of the first-infection type of tuberculosis in the 
region of the right lung hilum and possible minimal reinfection type of 
disease in the left lung. This lesion did not protect the patient from 
developing a reinfection type of tuberculosis in the bones and joints 
which made necessary the amputation of one foot. 

During the period of the teen ages and the twenties, there is great 
destruction from tuberculosis. In reported groups of cases (2) (65) 
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(67) (68), carefully studied, the childhood type of tuberculosis, indicated 
by calcium deposits in the chest demonstrated during life by X-ray 
films, is found to coexist in 50 to 60 per cent of those suffering from the 
reinfection destructive type of disease in the lungs. When one is mindful 
of the fact that it has been clearly demonstrated that many cases with 
calcium deposits revealed at postmortem are not seen by X-ray during 
life, it would seem that far more than 50 to 60 per cent have calcium, 
indicating first-infection type of tuberculosis coexisting with destructive 
tuberculosis. When one considers that calcium deposits may appear 
rather remote in point of time in the first-infection types of tuberculosis, 
and when one considers that the first-infection type of disease occurs 
in other parts of the body where it may never be detected during life, 
one has probably accounted for the preéxistence of the first-infection 
type of disease in every case of the reinfection or destructive type of 
disease. If there are those who still are not satisfied with this evidence, 
let the tuberculin test be used periodically, and see its positiveness 
precede by a considerable period of time the appearance of the de- 
structive forms of tuberculosis. 

Pope (69) found that approximately twice as many boys and girls 
with demonstrable childhood type of disease break down from the 
reinfection or adult type as those who previously had only the suspected 
childhood type of disease. At Lymanhurst, more than 40 per cent of the 
children who developed the adult or reinfection type of disease had been 
observed for from one to ten years, during which time they had only tie 
demonstrable childhood type of tuberculosis, while approximately 30 
per cent had both forms of disease when first examined. 

The third decade carries a very high incidence of reinfection type of 
tuberculosis. Many who have previously developed the first-infection 
type of disease fall ill during this decade. In figure 9 is illustrated the 
chest of a man of twenty-five years. This patient had prolonged in- 
timate contact exposure as a small boy and again five years previous to 
this examination. Evidence of the first infection type of tuberculosis 
is seen in the form of a Ghon tubercle in the base of the left lung and 
calcium deposits in the left hilum region. However, this did not pre- 
vent him from developing the reinfection type of disease now seen in 
the right upper lobe. 

A somewhat similar case is illustrated in figure 10. As a university 
student, this girl was examined, and evidence of the first-infection type 
of tuberculosis was found in Ghon tubercle-formation in the right lung; 


i 
j 
| 


Fic. 9 Fic. 10 


Fic. 9. L. B., male, age 22. Film on September 26, 1928, shows evidence of first-infection 
type of tuberculosis, left base and hilum. The reinfection type of tuberculosis is present in 
the right upper lung field. 

Fic. 10. M. A. B., female, age 30. Film made on January 24, 1927, shows first-infection 
type of tuberculosis on the right side and reinfection type of disease on the left. This film 
was made by Dr. Kessler at Mt. St. Rose Sanatorium, St. Louis, Mo. A film of the same 
chest made in January, 1922, by Grim-Smith Hospital and Clinic, Kirksville, Missouri, showed 
evidence of only the childhood type of tuberculosis. 


Fic. 11 Fic. 12 


Fic. 11. E. M.S., female, age 39. History of exposure in childhood and again at the age 
of 29 years. X-ray film of the chest made on March 7, 1932, shows pulmonary tuberculosis 
of the reinfection type, with cavity-formation in the left lung and evidence of minimal lesion 
in the right upper lobe. Note evidence of calcium-formation, indicating the first infection 
type of tuberculosis in the left hilum region. 

Fic. 12. M. T., female, age 56. No known exposure. Eighteen years ago frank pulmo- 
nary haemorrhage. Following this, apparently in good health until July, 1932, when patient 
had another pulmonary haemorrhage. X-ray film of the chest, made on July 28, 1932, shows 
bilateral pulmonary tuberculosis, reinfection type, more marked in right upper lobe. Note 
evidence of calcium deposits, indicating first-infection type tuberculosis in the right hilum 
region and in the lung parenchyma. 
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at this time there was no evidence of any other lesion. However, five 
years later (figure 10), the reinfection type of disease has made its ap- 
pearance in the left second interspace. This progressed until collapse 
therapy was instituted. A similar case was seen to develop tuberculous 
peritonitis with no abnormal findings in the lungs except evidence of 
calcium deposits representing the childhood type of tuberculosis. 
Although much destruction occurs from the reinfection type of tuber- 
culosis during the teens and twenties, and although many of the 
“bombs” have exploded and have taken human lives, there remains a 
considerable number of persons who go into the thirties and forties with 


Fic. 13. E. S., female, age 56 years. Father, 80 years old had tubercle bacilli in the 
sputum. Film on January 25, 1932, shows extensive miliary tuberculosis involving both 
lungs. Note Ghon tubercle on left side at the level of the third rib. This had been detected 
in previous films. 


live bombs present. Some such persons will suffer from symptoms re- 
sulting in disability, and some will even die because of the presence of 
these bombs (figure 11). 

At the postmortem table, Opie (70) has shown that the incidence of 
destructive or reinfection type of tuberculosis increases materially with 
age. He saw such lesions in 8.7 per cent of bodies between eighteen and 
fifty years and 28.6 per cent of the bodies beyond fifty years. In some 
parts of the world the incidence of the destructive type of tuberculosis 
is greater for the number of people living after the age of fifty than at 
any preceding age-period. In all such cases the “bombs” were placed 
at some earlier time. Figures 12 and 13 illustrate such cases. 


+ 
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In conclusion, the first-infection type of tuberculosis is a benign condi- 
tion, with lesions which vary in size and number and which may at any 
time liberate bacilli into the blood-stream or upon allergic tissues which 
result in rapidly progressive miliary tuberculosis or chronic disease of 
the lungs, bones and joints, or other parts of the body. Such immunity 
as the first-infection type confers is not complete in character. While 
it may tend to influence the chronicity of the reinfection, this is of slight 
value in view of the fact that the reinfection type cannot develop except 
on a basis of the first-infection type, and in a certain percentage of these 
reinfection cases the disease progresses so as to result in illness and even 
fatal termination. In view of the accumulating data to the contrary, 
we are no longer justified in speaking of tuberculous infection without 
disease, for they are one andthe same thing. These facts face us squarely 
with the proposition that control of tuberculosis means prevention. A 
satisfactory immunizing agent is not an actuality; prevention is. Em- 
ployment of epidemiological measures holds the same promise for tuber- 
culosis as it does for other communicable diseases. The field is rapidly 
growing smaller, so that more and more intensive measures are possible 
and, like a snowball rolling down a hill, these preventive measures gather 
speed and size once they are started. 
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THE SIGNIFICANCE OF TUBERCULOUS LESIONS FOUND 
IN ADOLESCENT CHILDREN IN A SCHOOL SURVEY! 


H. W. HETHERINGTON 


A survey (1) to determine the incidence of tuberculous lesions in school- 
children has been reported. In an attempt to evaluate the clinical sig- 
nificance of different types of lesions found in adolescent children 
reéxaminations of pupils in two high-schools, designated E and F, were 
sought after an interval of thirty to forty-eight months. 

The groups that were desired for reéxamination included all pupils 
who had shown tuberculous infiltration of the lung, whether clinically 
manifest or latent, and those pupils with calcified lesions of the tracheo- 
bronchial lymph nodes who had extensive calcifications or considerable 
sensitiveness to tuberculin. The parents of children with manifest 
pulmonary tuberculosis, latent apical tuberculosis and latent tuberculous 
infiltration of childhood type had been notified of the condition found at 
the original examination and appropriate treatment either in a sanatorium 
or at home had been recommended. Home treatment included increased 
hours of rest, the prevention of mental and bodily fatigue by diminishing 
school-work and exercise, and measures to improve nutrition. It was not 
considered necessary to give similar advice to pupils with calcified lesions 
of the tracheobronchial lymph nodes. In addition to these groups 82 
children were reéxamined as controls. At our previous survey seven of 
these had calcified pulmonary nodules, which were again found at the 
present examination, and 75 had been apparently normal on X-ray exam- 
ination. Cases will be designated by the letters and numbers (for in- 
stance, E-1, F-1) used in our former study of school-children (1). 

The results of our attempt to locate pupils for reéxamination are 
shown in table 1. 

Two of 10 students with manifest pulmonary tuberculosis, one of eleven 
with latent apical tuberculosis and three of nineteen with latent non- 
apical tuberculous infiltration of the lung could not be found. It was 


1 From the Henry Phipps Institute of the University of Pennsylvania, Philadelphia, Penn- 
sylvania. Aided by a grant from the Metropolitan Life Insurance Company of New York. 
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impossible also to locate 16 of the 151 pupils who had shown calcified 
lesions of the tracheobronchial lymph nodes. A boy with latent apical 
tuberculosis, who was sought for reéxamination, had died following an 
operation for appendicitis and is not included in the table. The former 
landlady of one girl, F-6, who had had manifest tuberculosis and is listed 
as not found, reported that she was “‘in a decline for two years and very 
ill.” We could not learn her address and the information is regarded 
as unreliable. All the pupils listed as not found had moved from their 
former addresses from three years to two months previously. There 
was no evidence that any other child had disappeared through illness. 

Both of two pupils with clinically manifest tuberculosis who refused 
reéxamination had taken sanatorium treatment and were still under 


TABLE 1 
Results of attempt to locate certain pupils for reéxamination 


Refused examination; 


Could not apparently in 
Type of lesion found at first examination be found good health Reéxamined 
Manifest pulmonary tuberculosis*....... 2 2 6 
Latent apical tuberculosist............. 1 1 8 
Latent childhood-type infiltration....... 3 3 13 
Calcified foci of the tracheobronchial 


* A girl, who could not be found and a boy, who refused reéxamination, had manifest 
tuberculosis of childhood type; the others, of adult type. 

¢ One boy with latent apical tuberculosis died following an operation for haa euectans and 
is not included in this table. 


medical supervision. One, a girl, F-3, was working and said to be well 
48 months after discovery of her lesion. The other, a boy, E-1, was 
said to be well after 38 months. One student, E-6, with latent apical 
tuberculosis, was attending college outside the city and was not re- 
examined. The 3 pupils with latent infiltration of childhood type who 
refused to be reéxamined were all apparently in good health, as were also 
the 23 students with calcified lesions of the tracheobronchial lymph 
nodes who refused reéxamination. 

The results of the second examination are shown in table 2. 

Clinically manifest pulmonary tuberculosis had been diagnosed in 10 
students in 1927 and 1928. Six of these were reéxamined in 1931. The 
lesions of two students, F-5 and E-2, had retrogressed with home treat- 
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ment. One girl, F-8, had developed a complete spontaneous pneumo- 
thorax, which reabsorbed, leaving the lesion unchanged. Three girls, 
F-1, F-4, and F-7, showed definite progression with slight symptoms or 
none. (See plate 1.) 

Eleven students had latent apical tuberculosis in 1927 and 1928 and 
eight were reéxamined. Six, E-7 and F-9 to F-13, showed no change. 
A boy, E-3, has a slowly progressive lesion. A girl, F-14, developed 
physical signs, including rales, shortly after our first examination and 
spent nine months in a sanatorium. She has remained in good health 
since that time. 

Nineteen students had shown latent tuberculous infiltration of the 
lung presumably of the childhood type. Thirteen were reéxamined. 
Eleven, F-15, 16, 17, 20, 21, and E- 8, 11, 12, 13, 15 and 17, showed no 


TABLE 2 
Results of reéxamination of pupils in schools E and F 


Showing no evidence Showing evidence 
of unstable or pro- _— of unstable or pro- 


Type of lesion found at first examination gressive disease gressive disease 
Latent childhood-type infiltration.....................05- 11 2 
Calcified foci of the tracheobronchial lymph nodes......... 112 0 


progression of the lesion. In one girl, F-19, the apex of the lung above 
the clavicle was the site of infiltration not present at our first examina- 
tion, and another, F-22, showed a decided increase in the extent of her 
lesion. 

Opie (2), in his evaluation of the significance of advanced tuberculous 
infection in school-children, indicated that strand-like infiltrations of 
the childhood type at this age-period are probably healed or healing. 
The results of the reéxamination of this limited number of high school 
pupils has borne out the view that these lesions have no greater signifi- 
cance than calcified nodules. The lesion of F-22 was not so designated 
because it consisted of soft spots, while the increase in tuberculous 
infiltration in F-19 was probably due to the development of an apical 
lesion from an exogenous source of infection. 

We reéxamined the 7 students with calcified pulmonary nodules and 
the 112 students with calcifications of the tracheobronchial lymph nodes 
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without noting any change or finding any additional pulmonary lesion. 
Most instances of calcified lesions of the tracheobronchial lymph nodes, 
as Opie and McPhedran (3) have pointed out, occur in children who 
have been exposed to intimate contact with tuberculosis. This view 
suggests that the suitable measure to prevent the development of apical 
tuberculosis in these children is to make sure that contact has ceased 
and will not be repeated. Myers and Wulff (4), however, are of the 
opinion that students with these calcified foci in their chests should be 
advised, upon this evidence alone, to remain under observation through- 
out life, with annual or semiannual examinations. Rathbun (5) be- 
lieves that a careful follow-up of the group with tracheobronchial lymph- 
node disease will lead to the discovery of a large part of the pulmonary 
tuberculosis developing in children of high-school age. He found that 
70 per cent of adolescent children with pulmonary tuberculosis showed 
evidence of tracheobronchial lymph-node disease that had been present 
from childhood. However we found only 20 of 76 cases of apical tuber- 
culosis in adolescent children accompanied by calcified lesions of the 
tracheobronchial lymph nodes. This number includes 31 children with 
apical tuberculosis previously reported (1) and 45 children examined 
more recently. Moreover, two of the 75 children apparently normal on 
X-ray examination, who were reéxamined after an interval of more than 
three years, had developed apical lesions, one with physical signs, and the 
other, though latent, requiring sanatorium treatment. We have found 
no reason to believe that serial examinations of children with calcified 
lesions of the tracheobronchial lymph nodes would locate any consid- 
erable percentage of cases of apical tuberculosis. 

We believe that calcification of the tracheobronchial lymph nodes 
recognizable in chest films indicates severe exposure to tuberculosis 
during childhood, which may be continued into adolescence, resulting 
in the development of a lesion of adult type. Again a second exposure 
to tuberculosis from a new source of contagion is more likely with these 
children, inasmuch as tuberculosis is characteristically a household 
disease. This increased risk of exposure during adolescence is probably 
responsible for the somewhat larger percentage of children with apical 
tuberculosis who show in addition lymph-node calcifications. 


SUMMARY 


Reéxamination of comparatively small numbers of adolescent school- 
children after an interval of thirty to forty-eight months has confirmed 
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the opinion that latent apical tuberculous lesions of slight extent may be 
controlled by an altered regimen. On the other hand, apical lesions, 
usually more extensive, that give rise to even trivial symptoms or 
physical signs, are likely to progress unless treated. 

Latent nonapical tuberculous infiltration of the lung that is soft or 
flocculent in appearance in the X-ray film may result in progressive 
disease unless treated. If its appearance in the X-ray film is strand- 
like, it is rarely if ever clinically significant. 

Children with calcification of the tracheobronchial lymph nodes, 
which suggests that intimate contact with tuberculosis has occurred 
during childhood, are not more likely than others to develop apical 
tuberculosis later, unless the contact is continued or repeated during 
adolescence. 


REEXAMINATIONS OF ADOLESCENT PUPILS IN TWO HIGH-SCHOOLS 


Note: Physical examinations were made during the survey of 1927~ 
1928, but not during the reéxaminations. The results of the physical 
examinations have been published (1) and are not repeated in the 
following protocols. Symptoms or physical signs or both had been 
detected in the cases classified as manifest tuberculosis. Phrases such as 
“at the 5th rib or interspace” refer to the posterior view. 


Manifest Pulmonary Tuberculosis 


E-1: X-ray examination, December 19, 1927. Diagnosis: Pulmonary tuber- 
culosis of childhood type. This boy spent three months in a sanatorium. He 
was apparently well 38 months after his first examination and refused re- 
examination. Comment: Pulmonary tuberculosis, probably arrested after 
sanatorium treatment. 

E-2: X-ray examination, December 2, 1927: There was scanty infiltration 
at the 2nd and 3rd interspaces on the left side and a granular mass at the left 
hilum; there was also a nodule at the 4th interspace on the right side. Diag- 
nosis: Pulmonary tuberculosis, minimal. 

This boy was advised to stop his school-work. He followed suggestions 
regarding diet and rest at home and gained over 20 pounds in less than three 
months. X-ray examination 38 months later showed that the apical lesion 
was strand-like. Comment: Pulmonary tuberculosis, apparently arrested 
after home treatment. 7 
F-1: X-ray examination, May 22, 1928: Apical infiltrations of moderate 
density extended as low as the 3rd rib on either side; there was a calcified no- 
dule at the 2nd interspace and two granular masses at the 4th rib and 5th 
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rib close to the spine on the right side. Diagnosis: Pulmonary tuberculosis 
of minimal extent. 

This girl was advised to modify her life so that more rest would be obtained, 
but whether she did or not is doubtful. Reéxaminations were made 20, 32, 
and 44 months later. The last X-ray examination showed that the infiltra- 
tions previously described had spread downward to the level of the fourth rib 
on both sides and had increased in density. The girl still said she felt per- 
fectly well. Comment: Pulmonary tuberculosis, progressive. 

F-2: Could not be located. 
F-3: X-ray examination, May, 1928. Diagnosis: Pulmonary tuberculosis, 
moderately advanced. 

This girl’s father was willing to send her to a sanatorium because her 
brother had died from pulmonary tuberculosis. We do not know the length 
of her hospitalization and she refused to return for reéxamination. Her sister 
told the nurse 48 months later that this girl was quite well and was working as a 
stenographer. Comment: Pulmonary tuberculosis, possibly arrested after 
sanatorium treatment. 

F-4; X-ray examination, May 24, 1928: A soft moderately dense infiltration 
of the right apex extended as low as the level of the 6th rib. Diagnosis: 
Pulmonary tuberculosis, moderately advanced. 

Her parents took this girl to their family physician, who is reported to have 
said that she was perfectly well and did not have tuberculosis. Thirty-three 
months later she was persuaded to return for reéxamination. She said she 
was well, and had had no illness except hay-fever since her last examination. 
X-ray films showed that the infiltration was more extensive, extending as low 
as the 8th rib. Comment: Pulmonary tuberculosis, progressive without 

treatment. 
F-5: X-ray examination, May 1, 1928: A scanty infiltration was seen at 
the right apex and moderately dense infiltration at the left apex as low as 
the Sth rib. Diagnosis: Pulmonary tuberculosis, moderately advanced. 

This girl followed a modified regimen at home for five months. When the 
time came for her admission to a sanatorium she refused to go. X-ray exam- 
ination, 32 months after the original film, showed that the infiltration at the 
left apex had decreased in density. The girl said she felt perfectly well 46 
months after her lesion was discovered. Comment: Pulmonary tuberculosis, 
retrogressive after home treatment. 

F-6: No authentic information available. 

F-7: X-ray examination, April 19, 1928: In the right lung there was an area 
of moderately dense, somewhat linear infiltration at the level of the 4th and 
Sth ribs in the axilla, two nodules in the lung-field and a granular mass at the 
hilum. In the left lung there was scanty infiltration at the extreme apex and 
moderately dense infiltration from the 3rd to the 6th ribs. The oblique film 
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showed a small annular shadow at the 4th rib and interspace toward the axilla 
and two additional granular masses at the carina. Diagnosis: Pulmonary 
tuberculosis, moderately advanced. 

This girl went to work in an office, but probably modified her life to some 

extent. X-ray films taken 9 months later showed a definite improvement. 
After this she began to take more exercise, for example, playing basket-ball. 
X-ray films taken 25 months after the original examination showed a marked 
progression of the lesion in both lungs. She refused to go to a sanatorium and 
moved from Philadelphia. Comment: Pulmonary tuberculosis, progressive 
without treatment. 
F-8: X-ray examination, April 19, 1928: Bilateral apical infiltration was seen 
at the 2nd interspace and a sharply defined pleural line crossing the 2nd inter- 
space and 3rd rib on the right side. Diagnosis: Pulmonary tuberculosis of 
minimal extent. 

Films taken 17 days later showed pleural lines at both apices; the infiltra- 
tion at the left apex was displaced downward. This appearance was due toa 
small bilateral pneumothorax. In films taken thirteen days later the pneumo- 
thorax on the left had been reabsorbed but the one on the right was still seen. 

This girl was persuaded to return for examination 20 months later. She 
had an almost complete right-sided pneumothorax. Adhesions at the apex 
prevented total collapse of the lung. The infiltration at the left apex was not 
so well seen. 

In films taken after another interval of 16 months there had been com- 
plete reabsorption of the pneumothorax. There was still infiltration consisting 
of soft salients at both apices. The patient took no treatment. 

Comment: Pulmonary tuberculosis, causing spontaneous pneumothorax, 
probably unstable after an interval of three years without treatment. 


Latent Apical Tuberculosis 


E-3: X-ray examination, March 12, 1928: Well-defined infiltration was seen 
at the left apex extending as low as the 4th rib. Diagnosis: Latent apical 
tuberculosis. 

This boy was reéxamined 48 months after his first examination. The lesion 
was more extensive and somewhat denser, containing small spots of calcifica- 
tion. Comment: Latent apical tuberculosis, slowly progressive. 

E-4: Diagnosis: Latent apical tuberculosis. 

This boy died following an operation for acute appendicitis about one year 

after examination. There was no autopsy. 

E-5: Could not be located. 

E-6: X-ray examination, January 12, 1928. Diagnosis: Latent apical tuber- 
culosis. 
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This boy was reported to be well 37 months later. He was not in the city 
and could not be examined. Comment: Latent tuberculous infiltration, prob- 
ably unprogressive. 

E-7: X-ray examination, December 20, 1927. Diagnosis: Latent apical 
tuberculosis. 

This boy was reéxamined 38 months later. The lesions were more strand- 
like. Comment: Latent apical tuberculosis, retrogressive. 

F-9: X-ray examination, May 11, 1928. Diagnosis: Latent apical tuber- 
culosis. 

This girl was reéxamined 33 months later and no change in the lesion was 
detected. Comment: Latent apical tuberculosis, unprogressive. 

F-10: X-ray examination, May 3, 1928. Diagnosis: Latent apical tuber- 
culosis. 

This girl was reéxamined 31 months later and no change in the lesion was 
detected. Comment: Latent apical tuberculosis, unprogressive. 

F-11; X-ray examination, April 27, 1928. Diagnosis: Latent apical tuber- 
culosis. 

This girl was reéxamined 30 months later and no change in the lesion was 
detected. Comment: Latent apical tuberculosis, unprogressive. 

F-12: X-ray examination, April 19, 1928. Diagnosis: Latent apical tuber- 
culosis. 

This girl was reéxamined 31 months later and no change in the lesion was 
detected. Comment: Latent apical tuberculosis, unprogressive. 

F-13: X-ray examination, May 3, 1928. Diagnosis: Latent apical tuber- 
culosis. 

This girl was reéxamined 31 months later and no change in the lesion was 
detected. Comment: Latent apical tuberculosis, unprogressive. 

F-14: X-ray examination, April 26, 1928: Salients projected into the lung- 
field below the shadow of the 2nd rib on the right, with soft infiltration at the 
3rd interspace. Diagnosis: Latent apical tuberculosis. 

This girl attended the dispensary on June 27, 1928, when restricted move- 
ment, diminished resonance and occasional fine rales were noted at the right 
apex. Diagnosis: Pulmonary tuberculosis of minimal extent. 

She rested at home for three months, and then spent nine months in a 
sanatorium, where she gained 13 pounds. X-ray examinations on discharge 
from the sanatorium and three months later still showed the lesion in the same 
area as before. She was not seen again in the dispensary, but in a letter writ- 
ten 33 months after the original examination she stated that she had married 
and that, with constant care, her health had continued to improve. Comment: 

Latent apical tuberculosis becoming manifest, apparently arrested after 
sanatorium and home treatment. 


— 


REY 


H. W. HETHERINGTON 


Latent Tuberculous Infiliration of Childhood Type 


E-8: X-ray examination, December 2, 1927. Diagnosis: Latent infiltration 
of childhood type. 

This boy was reéxamined 40 months later without any change being noted. 
Comment: Latent tuberculous infiltration, unprogressive. 

E-9: Could not be located. 

E-10: Diagnosis: Latent infiltration of childhood type. This boy was in 
apparently good health 36 months later and refused to be reéxamined. Com- 
ment: Latent tuberculous infiltration, probably unprogressive. 

E-11: X-ray examination, December 20, 1927: Diagnosis: Latent infiltration 
of childhood type. 

This boy was reéxamined 39 months later without any change being noted. 
Comment: Latent tuberculous infiltration, unprogressive. 

E-12: X-ray examination, February 9, 1928. Diagnosis: Latent infiltration 
of childhood type. 

This boy was reéxamined 36 months later. The infiltrations previously 
described were not so well seen. Comment: Latent tuberculous infiltration, 
retrogressive. 

E-13: X-ray examination, December 5, 1927. Diagnosis: Latent infiltration 
of childhood type. 

This boy was reéxamined 42 months later without any change being noted. 
Comment: Latent tuberculous infiltration, unprogressive. 

E-14: Could not be found. 
E-15:; X-ray examination, December 22, 1927. Diagnosis: Latent infiltration 
of childhood type. 

This boy was reéxamined 38 months later. The strand-like infiltration was 
not seen. Comment: Latent tuberculous infiltration, retrogressive. 

E-16: X-ray examination, March 13, 1928. Diagnosis: Latent infiltration of 
childhood type. 

This boy was not in Philadelphia when sought for reéxamination. He was 
said to have no chest symptoms 36 months after the first examination, but was 
being treated for diabetes. Comment: Latent tuberculous infiltration, prob- 
ably unprogressive. 

E-17: X-ray examination, February 18, 1928. Diagnosis: Latent infiltration 
of childhood type. 

This boy was reéxamined 37 months later. The lesion was more strand- 
like than at the original examination. Comment: Latent tuberculous infiltra- 
tion, retrogressive. 

E-18: Could not be found. 
F-15: X-ray examination, April 26, 1928. Diagnosis: Latent infiltration of 
childhood type. 

This girl was reéxamined 32 months later. The infiltration had cleared. 
Comment: Latent tuberculous infiltration, retrogressive. 
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F-16: X-ray examination, May 10, 19, 1928. Diagnosis: Latent infiltration 
of childhood type. 

This girl was reéxamined 29 months later. The infiltration was not seen. 
Comment: Latent tuberculous infiltration, retrogressive. 

F-17: X-ray examination, April 27, 1928. Diagnosis: Latent infiltration of 
childhood type. 

This girl was reéxamined 33 months later. There was no change in the 
X-ray observations. Comment: Latent tuberculous infiltration, unprogres- 
sive. 

F-18; This girl refused reéxamination. 

F-19: X-ray examination, May 8, 1928: On the right side there were two 
nodules behind the 5th and 6th ribs, with infiltration between the 4th and 6th 
ribs; also a granular mass at the right hilum. Diagnosis: Latent infiltration 
of childhood type. 

This girl was reéxamined 31 months later. There was dense infiltration 
above the right clavicle in the 2nd and 3rd interspaces, with strands and 
calcified areas below the clavicle as before. Comment: Latent tuberculous 
infiltration, and marked increase in the extent of tuberculous disease consisting 
of an additional lesion occupying the right apex. 

F-20; X-ray examination, April 19, 1928. Diagnosis: Latent infiltration of 
childhood type. 

This girl was reéxamined 31 months later. The lesions showed no change. 
Comment: Latent tuberculous infiltration, unprogressive. 

F-21: X-ray examination, May 1, 1928. Diagnosis: Latent infiltration of 
childhood type. 

This girl was reéxamined 33 months later and no change was noted in her 

lesion. Comment: Latent tuberculous infiltration, unprogressive. 
F-22: X-ray examination, April 18, 1928: There was moderately dense in- 
filtration in the right axilla between the 4th and 6th ribs and a smaller area 
of similar infiltration behind the 7th rib, at the 7th interspace and behind the 
8th rib. Diagnosis:. Latent infiltration of childhood type. 

This girl was reéxamined 32 months later. The lower lesion was not so well 
seen, but there had been a considerable increase in the upper area of infiltra- 
tion, which was limited below by an interlobar line. Comment: Latent tu- 
berculous infiltration, progressive. 
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A STATISTICAL STUDY OF PATIENTS READMITTED TO 
GLEN LAKE SANATORIUM, 1916-1931 


FRANCES NEMEC anp ALAN E. TRELOAR! 


While considerable clinical interest often attaches to particular pa- 
tients who return to a sanatorium for care after a previous discharge, all 
readmitted patients are of peculiar interest to the administrative and 
statistical departments of a sanatorium. The interest of the physicians 
and the administration lies chiefly in any changes in the patient’s physi- 
cal, mental or social status, and in the reasons for his returning and their 
relation to the cause of discharge. To the statisticians concerned with 
tabulations these patients constitute a numerical hazard to be juggled 
about, first in one group and then in another, counted once as individuals, 
but perhaps many times as cases. Any apparent increase in the number 
of readmitted patients is of interest to all departments. 

During the period January 1, 1916, to January 1, 1932, 484 patients 
were readmitted to Glen Lake Sanatorium. Of these, 91 individuals 
were admitted from three to eight times. Those with only two admis- 
sions during the last sixteen years are considered here. Of these, 9 cases 
were of incomplete record at first admission; consequently they must be 
dropped from the analysis when a comparison of diagnoses is made. 

As the population of patients discharged from a sanatorium increases, 
an increase in the absolute number of readmissions should be expected if 
the return of a fairly constant proportion of those cases is to be antici- 
pated. The increase in absolute numbers might be expected to show a 
diminishing acceleration for comparatively short periods of time; then 
gradual deceleration, until finally those factors (such as death and 
removal of patients to distant places) which preclude return to the insti- 
tution actually balance in their effect the proportion of departures which 
may be expected to return in a corresponding period. In our study of 
the data for the first sixteen years at Glen Lake Sanatorium, we find that, 
while the absolute number of readmissions is increasing from year to 


1 Glen Lake Sanatorium, Oak Terrace, Minnesota, and University of Minnesota, Minne- 


apolis, Minnesota. 
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year, that number is merely keeping pace with the growth in the size of 
the population from which it is drawn. 

The percentage-readmissions as given here in chart 1 were obtained by 
relating the absolute number of readmissions to populations ascertained 
in the following manner: For those readmitted within one month after 
discharge during a given year, for instance, 1917, the gross population is 
composed of those patients discharged alive between the dates December 
1, 1916, and December 31, 1917. All known postsanatorium deaths 


Cuart 1. TIME BETWEEN DISCHARGE AND READMISSION 


occurring in this group are subtracted to determine net population. In 
like manner, readmissions within one to six months are drawn from a 
population discharged over an eighteen months’ period; for 1917, they 
are those discharged alive from July 1, 1916, to December 31, 1917, with 
postsanatorium deaths subtracted. Bases for determining proportions 
calculated in this manner are believed in each case to be dependable. A 
comparison of readmissions with total admissions or discharges, or with 
yearly admission or discharge groups is subject to misinterpretation. 
The greatest number of readmissions occur within a relatively short 
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time after discharge from the sanatorium. In the one to six months’ 
group, the average percentage of readmissions is 3.1 per cent. In all 
other groups the average percentage is well below that. Indeed, in the 
periods two to three years, three to four years, etc., it is less than 1.0 
per cent. 

It is not without interest to consider in some detail the reasons for first 
discharge from the sanatorium of readmitted patients. These are sum- 
marized against condition on discharge at the end of the first period of 
hospitalization (table 1). Two hundred and twenty-three patients, or 
56.7 per cent, of the whole group deserted or left against advice. With- 
out a detailed examination of causes one can do no more than assume 


TABLE 1 
Summary of reasons for original departure of 393 readmitted patients 


REASONS FOR DISCHARGE 


CONDITION ON DISCHARGE Trane 
Recom- | Acqui- | Against ransier 


mended | esced to | Advice | Deserted} and Dis- 
ciplinary 


Arrested 20 17 
Apparently arrested 11 18 
Quiescent 8 21 
Improved 5 27 
Unimproved — 7 
1 
Nonclinical 

Deferred, etc 


52 91 44 27 


that unstable temperament, and social or economic factors were the influ- 
ences mainly responsible for desertion. These same factors may lead 
to application for readmission. 

The discharge was approved or acquiesced in, in 91 cases, or 23.2 per 
cent, of the readmission group. These cases include a great many 
“vacation leaves” given patients who wanted to go home for a month or 
two, and then return to continue treatment at the sanatorium until their 
disease was arrested. It includes, also, a few patients with hopeless 
prognosis who preferred to spend some time at home before they died, 
but found care inadequate. 

The smallest group is that transferred to other hospitals for treatment 
of nontuberculous conditions, and those discharged for disciplinary 


Total 

2 1 3 43 

6 1 1 37 

50 3 6 88 

66 15 9 122 

52 18 6 83 
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reasons. They comprise less than 7.0 per cent of the 393 readmitted 
patients. 

Fifty-two, or 13.2 per cent, were discharged at the recommendation 
of the physician. Twenty of these are discussed later as arrested cases 
whose discharge was recommended. Of the 32 others, 24 were advised 
to return to the sanatorium because of reappearance of symptoms. 
Four others of these cases were patients with artificial pneumothorax who 
returned for chest surgery. Nontuberculous lesions believed to be 
tuberculous, and social or economic reasons effected the return of the 
remaining four. 

The assumption is frequently made that a patient readmitted to a 
sanatorium has had a relapse. If a relapse may be defined as a reactiva- 
tion of disease after it is arrested, then only 43 individuals out of a total 
of 393, that is, 10.9 per cent, may be presumed to have had relapses. Of 
these, only 20 (5.0 per cent) left at the recommendation of the physician, 
although in 17 others the physician acquiesced in their discharge. Of 
the 20 recommended discharges of arrested cases, one receiving artificial 
pneumothorax developed an empyema; two readmitted with a diagnosis 
of tuberculous peritonitis and no reactivation of pulmonary disease for 
which they were previously hospitalized were subsequently found to have 
carcinoma of the gastrointestinal tract; the 17 remaining cases will now 
be briefly discussed. Five of the 17 were readmitted because of symp- 
toms of malaise, slight elevation of temperature, or loss of weight and 
strength, but X-ray and physical findings were unchanged since the time 
of first discharge. One of the five gave a history of positive sputum 
during the interval between periods of hospitalization, but guinea pigs 
inoculated with specimens of sputum, urine and faeces were repeatedly 
negative for tuberculosis. The X-ray examinations of ten showed defi- 
nite increases in the tuberculous lesions present during previous sana- 
torium treatment. Of the remaining two, one with an extrapulmonary 
lesion was readmitted because a tuberculous sinus had reopened and was 
draining; the other, previously hospitalized for a childhood type of pul- 
monary tuberculosis, was readmitted with a clinical diagnosis of tuber- 
culous otitis media. Repeated inoculation of guinea pigs with pus from 
the ears failed to produce tuberculosis in the animals, and a final diagno- 
sis of nontuberculous otitis media was made. ‘Therefore, only 11 of the 
17 cases had definitely reactivated tuberculous lesions. 

It is of interest to compare the diagnoses at first and second admissions 
in the present data in order to analyze them for the presence of any sig- 
nificant change in classification of the cases. ‘Table 2 presents the con- 
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tingency surface for the 384 cases of complete record. (Nine of incom- 
plete record on first admission are not included in this table.) Those 
cases occurring in the diagonal cells, comprising 62 per cent of the total 
number, show no change in classification. Of the 39 childhood, extra- 
pulmonary, and nonclinical and nontuberculous first admissions, 32 
remain unchanged in diagnosis on readmission, 6 show pulmonary tuber- 
culosis in various stages, and one is newly classified as nonclinical. The 
remaining 345 pulmonary cases at first admission show 211 unchanged 
in classification at readmission, 89 advanced to more severe stages of 
disease, 24 “improved,” and 14 newly diagnosed as nonclinical or non- 
tuberculous cases. 


TABLE 2 
Contingency surface for diagnoses at first admission and readmission 


READMISSION DIAGNOSIS 


Non- ALL FIRST 
FIRST-ADMISSION DIAGNOSIS Moder-| far | clinical ADMIS- 
Min- ‘Ad- SIONS 
ad- 
vanced | Vanced 


Moderately advanced 
Far advanced 
Nonclinical 11 
Nontuberculous 


10 17 384 | 3604 


As a statistical test for the significance of the difference between the 
frequencies of the various stages of disease on readmission when com- 
pared to first-admission diagnoses, Pearson’s Chi-squared criterion may 
be applied. For the total series of 384 cases, we find that there are but 
3 chances in 100,000 that the distribution of readmissions differs solely 
at random from that for the first admissions. There can be no doubt 
then of the highly significant nature of the changes in diagnosis upon 
readmission. 

The noticeable progression in the stage of the disease for the pulmonary 
cases is clearly shown in the diagrammatic comparison of first and subse- 
quent admission diagnoses frequencies in chart 2. 

That the readmitted cases differ in diagnosis as a group from the 
entire available series of 3,604 first-admission diagnoses for the sixteen- 
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year period is attested by again employing Pearson’s Chi-squared cri- 
terion, the probability of no differentiation this time being but 2 in 
100,000. Thus there is a clearly significant difference in stage of disease 
on readmission, and it is chiefly in the direction of progression of disease. 
This does not necessarily indicate that the progression occurred in the 


First Admission Re-admission 
Diagnosis Diagnosis 


CHART 2. COMPARISON OF STAGE OF DISEASE 
First admission and readmission, 1916-1931 (pulmonary cases only) 


interval between discharge and readmission. An incipient or moder- 
ately advanced lesion sometimes progresses to the far-advanced stage 
during the patient’s stay at the sanatorium. No cognizance of this is 
noted in classification at time of discharge. If the patients had been 
reclassified as to stage of disease at the time of discharge a more accurate 
comparison would have been possible. 
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A STUDY OF THE GROWTH IN AREA OF INTRACU- 
TANEOUS TUBERCULIN REACTIONS 


CHESTER A. STEWART?! 


An initial or primary infection of the human body by the Mycobac- 
terium tuberculosis regularly induces the development of a very lasting 
state of hypersensitiveness to tuberculin. This peculiar hypersensitive- 
ness, or enhancement in the degree ‘to which tuberculin acts as a tissue- 
necrotizing toxin, undoubtedly plays a significant réle in modifying the 
clinical course of tuberculosis in man. Although delicate and highly 
specific tests have been used widely for the past twenty-five years for 
demonstrating the presence of allergy in infected patients, nevertheless, 
certain points relative to special characteristics of cutaneous reactions 
to tuberculin remain incompletely investigated. A consideration of the 
details of the growth in area of positive Mantoux tests following intra- 
cutaneous injections of different amounts of tuberculin was the main 
objective of the present study. ‘This report, however, also deals with 
estimations of certain errors involved in determining irtegular areas, and 
in injecting measured amounts of tuberculin intracutaneously. 

In conjunction with an earlier study of the growth in size of cutaneous 
reactions to tuberculin (1), a modified method for determining irregular 
areas was described. This method involves tracing the margin of the 
zone of cutaneous redness on superimposed transparent celluloid compo- 
sition (Eastman Kodaloid Paper, no. 1), after which the traced field is 
cut out and weighed. The area of the reaction is then calculated by 
dividing the weight of the cut-out segment by the weight of a portion of 
the same paper whose area is one square centimetre. In the present 
study the accuracy of this method of area estimation was rechecked by 
determining the average weight per unit of area (1 sq. cm.) for a series of 
selected samples with known areas of 1, 4, 9, 16, 25 and 36 sq. cm. 
respectively. The average weight per sq. cm. was found to be 0.0051 
gm., and the coefficient of variation for a total of 101 separate determina- 
tions amounted to +2.1 per cent (table 1). In addition, the relative 


1 Department of Pediatrics, University of Minnesota, and Lymanhurst School for Tuber- 
culous Children, Minneapolis, Minnesota. 
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variability of the individual observations on each of the above 6 succes- 
sive groups of selected samples with various areas also was relatively 
small (coefficients of variation ranged from +0.8 to +3.6 per cent, table 
1). The standard error of mean weight per unit of area for the entire 
series of 101 observations was found to be approximately +0.2 per cent. 
Again, therefore, the modified area-by-weight method of Hammar was 
found to be sufficiently accurate to meet the requisites of the present 
study. 

Samples taken from different rolls of the celluloid composition, how- 
ever, revealed some to be heavier per unit of area than others. On 


TABLE 1 


Showing weight per unit of area and coefficient of variation for various samples of celluloid 
compound 


AVERAGE WEIGHT COEFFICIENT 
PER SQ. CM. OF AREA OF VARIATION, 
G.M. PER CENT 


NUMBER OF AREA PER SAM- AVERAGE WEIGHT OF 
SAMPLES PLE, SQ. CM. SAMPLE, G.M. 


20 0.0050 0.0050 .0 
20 0.0208 0.0052 
20 0.0464 0.0052 
20 0.0834 0.0052 
15 0.1280 0.0051 

6 0.1875 0.0052 


Average weight per sq. cm. of paper from different rolls 


AREA PER SAMPLE, AVERAGE WEIGHT PER SQ. AVERAGE WEIGHT PER SQ. 


NUMBER OF SAMPLES SQ. CM. CM. OF AREA G.M. CM. OF AREA G.M. 


27 4 0.0203 0.0051 
58 4 0.0231 0.0058 
10 + 0.0248 0.0062 


investigation the average weight per square centimetre of three separate 
rolls amounted to 0.0051, 0.0058, and 0.0062 gm. respectively. Since 
different rolls of the paper may vary considerably, the average weight 
per unit of area must be determined for each roll used if gross error is to 
be avoided. Although experience to date indicates that each individual 
sheet of the celluloid composition is very uniform in thickness, neverthe- 
less, to check this uniformity by test samples selected from widely sepa- 
rated points seems advisable. 

Repeated determinations were made at intervals of several months on 
a few samples of the paper kept in unsealed envelopes which revealed 
variations in their weight of less than 2 per cent. Apparently, therefore, 
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under ordinary room conditions the weight of the celluloid composition 
per unit of area does not fluctuate greatly. 

In order to study the variability in the amount of tuberculin injected 
in the performance of intracutaneous (Mantoux) tests, two syringes were 
carefully calibrated by weighing in a covered container, each successive 
0.1 cc. of solution expelled from them. Care was taken to make these 
determinations at a constant temperature. The average weight per 0.1 
cc. of the solution measured in accordance with tlie scale on each syringe- 
barrel was found to be 0.1034 gm. for 30 readings on one syringe, and 
0.0978 gm. for 20 determinations on the other (table 2). To obtain some 
conception of the degree to which the individual determinations fluc- 
tuated the standard deviations were determined, and amounted to 
+0.00297 gm. for the first syringe and +0.00287 gm. for the second 
instrument. For each syringe, therefore, the relative variability in 


TABLE 2 
Showing calibration of two tuberculin syringes manufactured by different commercial houses 


CALIBRATION OF TUBERCULIN SYRINGES 


Syringe Number 


Number of 
determinations 


Average weight 
per 0.1 cc. solution 
expelled 


Coefficient 
of variation: 
per cent 


Difference 
between two 
Syringes: per cent 


185 
32375 


30 
20 


0. 1034 
0.0978 


2.9 
2.9 


5.5 


weight of each 0.1 cc. of solution expelled was +2.9 per cent (coefficient 


of variation, table 2). In other words, by employing these two instru- 
ments, 0.1034 gm. (+2.9 per cent) or 0.0978 gm. (-+2.9 per cent) respec- 
tively of the solution should be injected in approximately two-thirds of 
all tests performed. In the actual practice of applying intracutaneous 
tests, however, greater variations probably occur, since to inject 0.1cc. 
of tuberculin intracutaneously is technically more difficult than merely 
to expel this quantity of the solution into a container. 

Determination of the standard error of the mean provides an estimate 
of the expected range of fluctuation in the average amount of tuberculin 
administered per group. The standard error of the mean for the syringe 
on which 30 determinations were made was found to be +0.00052 gm., 
or 0.5 per cent, and for the other instrument the standard error of the 
mean was +0.00064 gm. (approximately 0.6 per cent). In general, 
therefore, the conclusion seems justified that individual administrations 
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of tuberculin in 0.1-cc. amounts may be expected to vary +2.9 per cent 
in approximately two-thirds of all cases tested, and also that in the same 
percentage of instances the average group dose given to any number of 
series of cases may be expected to vary +0.5 or +0.6 per cent. Appar- 
ently a commercial tuberculin syringe is sufficiently accurate to ensure 
that approximately the same dose may be administered each time it is 
used in performing an intracutaneous test. This does not mean, how- 
ever, that different tuberculin syringes are alike in all respects. Accord- 
ing to the observation made on the two instruments reported in this 
study, the average weight per 0.1 cc. of the solution as measured by the 
scale on the barrel was 5.5 per cent greater for one syringe than for the 
other. To evaluate the difference existing between the two instruments, 
the standard error of the difference was determined according to the 


formula Diierence , and a value of 7 was obtained, which is inter- 


VS.E.2!+S.E.:? 

preted as indicating that less than one chance in a million exists that 
exactly the same dose of tuberculin would be given by each of the two 
syringes. It appears, therefore, that differences existing between indi- 
vidual syringes may provide greater sources of error than are provided by 
inaccuracies arising from the use of a single instrument. The advis- 
ability of calibrating syringes when several are to be used in scientific 
work seems advisable if a reduction in error to a minimum is desired. 

In the present study, observations were made on the growth in total 
area of erythema of tuberculin reactions following intracutaneous injec- 
tions of various quantities of Old Tuberculin. All the children included 
in the study had positive intracutaneous reactions and had primary 
tuberculosis in its late calcifying stage. No cases were included that 
had reinfection types of the disease (adult pulmonary tuberculosis) or 
primary tuberculosis in the acutely inflammatory stage. The group 
was composed of certain cases with no lesions demonstrable by X-ray, 
and other children with calcified intrathoracic lymph nodes with and 
without demonstrable Ghon tubercles, and the age-range was between 
7 and 16 years. In order to visualize the distribution of the cases with 
respect to magnitude of reaction, histograms (see chart 1) were con- 
structed for 176 children who received 0.1 mgm. of tuberculin (supplied 
by Saranac Laboratory) and for 242 cases that received 0.01 mgm. of 
this material. For the cases that received the larger dose, a class interval 
of 10 sq. cm. in area of reaction was used in constructing the graph, 
whereas for the other 242 cases a class interval of 5 sq. cm. was employed. 
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On inspection it is evident that hypersensitiveness to tuberculin, as 
measured in terms of the area of the zone of redness of fully developed 
cutaneous reactions to this material, was not distributed symmetrically 
throughout this group which had primary tuberculosis exclusively. 
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Cuart 1. Histogram of distribution of cases with respect to magnitude of reaction for 176 
children who received 0.1 mgm. of tuberculin and for 242 children who received 0.01 mgm. of 
tuberculin intracutaneously. 


For the 0.1-mgm. test, the greatest concentration of cases (approximated 
mode) occurred in the group that had reaction areas between 10 and 20 
sq. cm., whereas for the 0.01-mgm. test the greatest number of cases fell 
in the group whose area of reaction was between 5 and 10 sq.cm. Since 
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AREA GROWTH OF INTRACUTANEOUS REACTIONS 


the distribution of cases with respect to the area of their reactions is 
asymmetrical, the usual statistical methods cannot be employed in the 


analysis of the data. 
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In order to facilitate portrayal of the percentage of cases falling within 
any given reaction-area interval, separate cumulative frequency or 
ogive curves were made for the 0.1- and 0.0i-mgm. tuberculin tests 
(chart 2). The curves are constructed in such manner that for the 0.1- 
mgm. and the 0.01-mgm. tests, 176 and 242 children (read on the ordi- 


90 
80 
3 / 
60 
i 
u / 
& 40 
30 
20 . Maximum area of reaction to 0.1 mgm. old taberculin=161.30sq.cm 
Maximum * OL ° = 56.9 - 


60 | 80 
Qrea in per cent of maximum area 


Quartile Range (area in sq. cm.) 


0.01-mgm. tests 
(1) 0 to 4.3 
(2) 4.4to 7.7 
(3) 7.8 to 14.2 
(4) 14.3 to 56.9 


100 


CuHart 2. Ogive curves, showing for the 0.1- and 0.01-mgm. tuberculin tests the percentage 
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nate) and 161.3 and 56.9 sq. cm. (maximum reaction areas, read on the 
abscissa) equal 100 per cent respectively. Keeping these points in mind, 
one finds by interpolation that reactions to 0.1 mgm. of tuberculin 
developed maximum areas of 12.9 sq. cm. or less in 25 per cent of the 
group (quartile 1, see description of chart 2), as compared with 4.3 sq. 
cm. or less for the 0.01-mgm. tests in the same quartile. On the figure 
the other quartile-ranges for each test are also listed. When the larger 
dose of tuberculin was used (0.1 mgm.) the middle 50 per cent of the 
cases (quartiles 2 and 3 combined) had intracutaneous-reaction areas 
ranging from 13 to 43.6 sq. cm., and in only 20 per cent of the group 
(deciles 1 and 10) did the test measure less than 7.3 sq. cm. or more than 
61.3 sq. cm. respectively. 

If the group selected for this study is representative of that portion of 
our childhood population which has primary tuberculosis exclusively and 
present in its calcified and not acutely inflammatory stage, this analysis 
of the observations on this group establishes limits which permit pre- 
dictions relative to the percentage of all similar primary infection cases 
which will be found to have intracutaneous reactions of certain size- 
ranges, if tested in a manner identical to that used in this study. The 
allergic states which primary tuberculous infections induce into our 
childhood population are so highly variable, however, that no very 
accurate predictions can be made as to how large an individual reaction 
may prove to be when an infected child is tested. 

If successive similar groups of children were tested, fairly accurate pre- 
dictions may be made, nevertheless, concerning the average maximum 
reaction-size to be expected for the group as a whole, provided conditions 
identical to those I employed prevail throughout the series of tests. 
Determination of the standard error of the mean provides an estimate of 
the range of fluctuation in size to be expected two-thirds of the time for 
the average area of the reaction for each successive group tested. The 
standard error of the mean area of 30.2 sq. cm. (see chart 2) for the intra- 
cutaneous reactions in the 176 cases injected with 0.1 mgm. of tuberculin 
when computed by the formula — deviation ({5:3)) 

n 
be +1.8 sq. cm., or +6 per cent. If additional series of equal size 
composed of similar cases were tested in a manner identical to that used 
for my group, the average area of the reaction can be expected to fall 
between 28.4 and 32.0 sq. cm. for approximately 68 per cent of the time. 
In general, therefore, it seems that primary tuberculous infections in 


was found to 
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children introduce hypersensitiveness to Saranac Laboratory tuberculin 
sufficient to produce in the majority of instances per-group average 
reaction-areas of 30.2 sq. cm. (1.8 sq. cm.) to 0.1 mgm. of the material 
when injected intracutaneously. Deviations from the mean equivalent 
to or exceeding thrice the standard error of the mean indicate the exist- 
ence of a significant difference in the aberrant group. The establishment 
of these limits may prove of value in connection with later studies rela- 


TABLE 3 


Showing number of cases and area of reaction at various periods subsequent to intracutaneous 
injections of 0.1 and 0.01 mgm. of Old Tuberculin 


0.1 MGM. INTRACUTANEOUS TUBERCULIN 0.01 mGm. INTRACUTANEOUS 
INJECTION TUBERCULIN INJECTION 


GROUP NUMBER OF 
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tive to the alleged occurrence of seasonal fluctuations in hypersensitive- 
ness to tuberculin. 

In table 3 observations are recorded for 160 children, of whom each 
received simultaneous intracutaneous injections of 0.1 and 0.01 mgm. of 
Old Tuberculin on the right and left forearms respectively. The areas 
of the reactions were recorded 3, 24, 48, 72 and 96 hours after the tests 
were applied. In compiling the data, the cases were arranged consecu- 
tively with respect to the size of the reaction on the right arm (0.1-mgm. 
test) in such a manner that the maximum area each individual’s reaction 
attained was greater or smaller than that developed by the immediately 
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preceding or following case respectively. The position in the series into 
which an individual case fell, therefore, was determined solely by the 
size of the child’s reaction to 0.1 mgm. of tuberculin. After arranging 
the cases progressively with respect to relative sensitiveness to this 
amount of tuberculin, separate averages were determined for the area of 
the reactions on right and left arms for eight successive groups composed 
of 20 children each. Thus, for each series of 20 cases, the table shows 
the average at various periods for the area of the reaction on the right 
arm (0.1-mgm. tests) as compared with the average reaction for the 
same cases to simultaneously applied tests on the left arm (0.01-mgm. 
test). 

According to the data in table 3, the average maximum size of the 
reactions to 0.1 mgm. and also to 0.01 mgm. of Old Tuberculin was 
attained twenty-four hours after the tests were applied to the first four 
groups of 20 cases each. For the remaining 80 children, the reactions 
continued to enlarge for an additional twenty-four hours; thus, their 
average maximum size was reached at the time of the forty-eight-hour 
reading. ‘These observations are interpreted as indicating that the time 
interval required for intracutaneous reactions to 0.1 and also to 0.01 mgm. 
of tuberculin to attain full development is definitely shorter for indi- 
viduals who have primary tuberculosis but who are only slightly or 
moderately hypersensitive to tuberculin than for similar patients who 
are more highly allergic to this material. Apparently primary tuber- 
culous infections introduce allergic states which in different individuals 
are fundamentally dissimilar relative to the rapidity with which the 
area-increment impulse of cutaneous reactions to tuberculin is expended. 
Evidence! of the existence of this basic allergic dissimilarity is neither 
obliterated nor obscured by reducing the amount of tuberculin intro- 
duced intracutaneously from 0.1 mgm. to 0.01 mgm. In general, these 
findings confirm previously reported observations (1), which revealed 
that the average time required for intracutaneous tests to reach full 
development in area is directly proportional to the degree to which the 
individual is hypersensitive to tuberculin. 

In children who have primary tuberculosis exclusively the greatest 
speed of increase in area of positive cutaneous reactions to tuberculin 
occurs during the first 24 hours that elapse following the application 
of intracutaneous tests. This feature is characteristic of the reactions 
which are produced by intracutaneous injections of 0.1 and also of 0.01 
mgm. of tuberculin. For each of the two tests performed in the entire 


AREA GROWTH OF INTRACUTANEOUS REACTIONS 853 


group of 160 children, over 80 per cent (table 3) of the ultimate average 
maximum size for the reactions was attained 24 hours after the tuberculin 
was injected. On comparing the less allergic cases (groups 1 to 4 inclu- 
sive, table 3) with the more hypersensitive children (groups 5 to 8 inclu- 
sive), the averages reveal that, during the first day, the relative rapidity 
of growth in reaction area was definitely greater for the former groups 
(100 per cent) than that (71 per cent) noted for the latter group of 80 


TABLE 4 


Showing average maximum for tuberculin reaction for groups of 10 cases, after simultaneous 
injection 0.1 and 0.01 mgm. of Old Tuberculin on the right and left arms respectively, and 
ratio of the two reactions 


AVERAGE AREA OF THE REACTION IN SQ. CM. 


NUMBER OF CASES* RATIO AREA, A:B 


A B 
0.1 mgm. Old Tuberculin | 0.01 mgm. Old Tuberculin 


10 2.3 
10 7.6 
10 11.5 
10 13.6 
10 17.0 
10 18.1 
10 19.9 
10 23.6 
10 26.5 
10 29.1 
10 31.5 
10 36.4 
10 40.2 
10 44.6 
10 51.0 
10 65.0 
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Average 27.3 2.8:1 


* Very highly allergic children were not used for two tests simultaneously applied. 


more highly allergic children. Regardless of whether the test dose of 
tuberculin used is 0.1 or 0.01 mgm. of Old Tuberculin, therefore, the rela- 
tive rapidity with which reactions to intracutaneous injections of tuber- 
culin attain their maximum size apparently is inversely related to the 
degree to which the patient tested is hypersensitive to tuberculin. 

As stated previously each of the 160 cases included in table 3 had 0.1 
mgm. of Old Tuberculin injected intracutaneously on the right forearm 
and 0.01 mgm. of this material on the opposite arm. The dose applied 
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on the right, therefore, was ten times as large as that used on the left. 
If the areas of intracutaneous reactions were directly proportional to the 
amount of tuberculin injected, one should expect the right-arm tests for 
this series of 160 children to average ten times as large in area as the 
left-arm tests. According to the averages in table 3, a 10-to-1 ratio for 
the areas of the two reactions was never found. In general, at corre- 
sponding periods following the injection of the tuberculin, the area for 
the reaction on the right averaged between 2.5 and 3 times as large as 
did the reaction on the opposite arm. Similar relations in comparative 
size of the two reactions also were found in comparing maximum observed 
areas (table 4). Apparently, therefore, within the limits of variation in 
dosage of tuberculin as used in this experiment (0.1 and 0.01 mgm.) the 
areas of the cutaneous reactions obtained are not directly proportional to 
the amount of this material injected intracutaneously. The relative size 
of the two reactions (3 to 1), however, remains fairly constant through- 
out their periods of increase and decline in area, irrespective of the degree 
of allergy present. Although the areas of intracutaneous tests are 
not directly proportional to the amount of tuberculin injected, there is 
a possibility that the volume of these reactions may be more directly 
proportional to the dose used. This question presents difficulties 
preventing its solution however. The possibility of the existence of 
a relationship between the size of the reaction and the ionization of 
various dilutions of tuberculin suggests itself. 


SUMMARY 


1. The modified area-by-weight method for determining irregular 
areas which involves the use of transparent celluloid composition (East- 
man Kodaloid Paper, no. 1) seems sufficiently accurate to warrant its 
use in determining the area of cutaneous reactions to tuberculin. 

2. Apparently commercial tuberculin syringes are sufficiently accurate 
to permit the administration of approximately the same dose of tubercu- 
lin each time the instrument is used in performing an intracutaneous test. 

3. Differences between syringes may provide greater sources of error 
than may be contributed by inaccuracies inherent in a single instrument. 

4. The degree of specific allergy or hypersensitiveness to tuberculin 
introduced into a group of children by a primary tuberculous infection 
varies so tremendously in different individuals that no very accurate 
prediction can be made as to how allergic an initial infection by Myco- 
bacterium tuberculosis may render an individual case. 
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5. One can predict, however, with reasonable certainty that the aver- 
age degree of allergy introduced into children who have primary tubercu- 
losis exclusively, if measured in terms of the average maximum area of 
intracutaneous reactions to 0.1 mgm. of Old Tuberculin used in a manner 
identical to that employed for my series, will be found to lie in the neigh- 
borhood of 30.2 sq. cm. 

6. Apparently hypersensitiveness to tuberculin, as measured in terms 
of area of intracutaneous reaction, is not distributed symmetrically in 
that portion of our childhood population with primary tuberculosis 
exclusively. Irrespective of dosage of tuberculin used (0.1 or 0.01 mgm. 
tuberculin) the greatest concentration of cases falls in an area interval 
which is definitely less than the mean for the group as a whole. 

7. The area of the cutaneous reaction to tuberculin is not directly pro- 
portional to the amount of tuberculin used. The ratios of areas of reac- 
tions obtained are found to be approximately three to one when the 
doses of tuberculin used are ten to one (0.1 mgm. and 0.01 mgm. respec- 
tively). Irrespective of the degree of hypersensitiveness present, these 
relative ratios tend to prevail throughout the periods of increment and 
decline of the reaction. 

8. The time required for the intracutaneous reaction to attain its 
maximum area is directly related to the degree of hypersensitiveness 
present, and the relative rapidity with which the area-increment impulse 
is expended is inversely related to the degree of allergy present. 

9. Evidence of the existence of allergic dissimilarity relative to the 
time required for the area of tuberculin reactions to attain full develop- 
ment and also to the rapidity with which the area-increment impulse is 
expended among children who in common have primary tuberculosis 
exclusively is neither obliterated nor obscured by reducing the amount 
of Old Tuberculin introduced intracutaneously from 0.1 mgm. to 0.01 
mgm. 

Literature cited 


(1) Srewart, C. A.: The growth and variability of the surface area of the cutaneous reaction 
to tuberculin in primary pulmonary tuberculosis, Amer. Jour. Dis. Child., 1933, 
xlv, 1229, 


i 
H 
+ 
j 


THE VIABILITY AND VIRULENCE OF OLD CULTURES OF 
TUBERCLE BACILLI 


Studies on Twelve-Year Broth Cultures Maintained at Incubator Temperature 


H. J. CORPER anp MAURICE L. COHN! 


The viability of the tubercle bacillus, like that of living material in 
general, is dependent upon a great variety of influences and factors 
which may determine whether its power of propagation has become 
permanently impaired or abolished in the particular case under consid- 
eration. Much misinterpretation has resulted from the fact that in- 
adequate criteria of viability have been used in specific instances in the 
past, and, in addition, virulence, a vague term at best, has been confused 
with infecting power without quantitative evaluation, and virulence has 
further been looked upon as a labile phenomenon in the case of the 
tubercle bacillus, readily vacillating back and forth under transient 
conditions. To add to this confusion the present trends introduce still 
further complications in the presentation of filter-passing and dissocia- 
tion forms of the tubercle bacillus. One need only point to the futility 
of the numerous attempts to transmute tubercle bacilli from one strain 
to another by animal passage, as well as the futility of determining the 
presence of spore forms of tubercle bacilli, to realize the complexity of 
these problems, yet any experiments which will throw light on so prac- 
tical a problem as the maintenance of the viability of tubercle bacilli in 
man or animals merits attention. The importance of quantitative and 
relative concepts must ultimately be the basis of all observations and 
interpretations of this type, as has been previously stressed from this 
laboratory. This becomes obvious when studying nutrients for tubercle 
bacilli (1) and the fate of intravenously injected bacilli in animals (2). 
So too, viability, frequently misnamed “so called” virulence, becomes 
not only a factor of virulence but of numbers of viable bacilli. If quan- 
titative factors are borne in mind, it is readily seen how a laboratory 
observation may even help clarify the much-disputed question of how 
long tubercle bacilli can remain alive in the human or animal economy 
or the term of the bacteriological latent lesion of infection. 


1 Research Department, National Jewish Hospital, Denver, Colorado. 
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Practically all the earlier work on the viability of tubercle bacilli 
has inadvertently not concerned itself with determining the number of 
viable bacilli, but has been content to determine the presence of viable 
bacilli alone, a qualitative criterion rather than a quantitative test being 
used. That there is no relation between the viability of the bacilli 
and the ability to stain them by the acid-fast method is evident from 
numerous observations recorded in the literature, and is further attested 
by the finding of acid-fast bacilli by Burns (3) in one dried and two still 
moist samples of sputum twenty-two years old, but none of this material 
infected guinea pigs or grew on the culture media tried. Burns cites 
Stone as finding bacilli alive by rabbit inoculation in dried sputum three 
years old. 

Soparkar (4) studied sputum extensively by guinea-pig inoculation 
for tubercle bacilli, and found that when sputum was exposed to direct 
sunlight in India the bacilli were alive for six hours and dead after eight 
hours, while in diffused daylight they were alive for six days but dead 
after eight days. Sputum kept in darkness, even when completely 
desiccated, contained live and virulent bacilli for 309 days. In decom- 
posing sputum living bacilli could be isolated after 20 but not after 26 
days. Bovine tubercle bacilli were found to be more resistant than 
human tubercle bacilli to sunlight and diffused daylight. Exposed to 
electric light bovine bacilli were alive for 74 days but dead after 100 days. 

Briscoe (5) in 1912 reported that thin smears of the human, bovine 
and avian types of tubercle bacilli were killed in one to four minutes in 
direct sunlight, while desiccation in a dark, well-ventilated place killed 
human and bovine tubercle bacilli within four and eight days respectively. 
Pure cultures of bovine tubercle bacilli, mixed in cow manure and exposed 
in a two-inch layer in a pasture field in the sunshine, remained alive and 
virulent for two months, and for a longer time in the shade. Tubercle 
bacilli in garden soil and in a dead tuberculous guinea pig buried in 
garden soil were alive on the 213th and the 71st days, respectively, and 
dead on the 230th and 99th days after first exposed. Tubercle bacilli 
live for more than a year in running water; in market butter placed in 
cold storage, they live for more than ten months. 

To determine how long the tubercle bacillus will live in sputum in 
handkerchiefs, rooms or public places Twitchell (6) in 1906 used guinea 
pigs for tests, and found that in bottles, paraffined or cotton-steppered 
and kept in dark rooms, sputum was capable of infecting guinea pigs 
after 157-170 days but not after 172-188 days, while, in the case of 
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diffused light, infection occurred after 124 but not after 175 days. In 
the case of bacilli kept in the thermostat, lesion resulted after 33 but 
not after 100 days, while if bacilli were in ice, lesion occurred after 102 
but not after 153 days. With sputum in a handkerchief, in a woolen 
blanket or on wood, lesion resulted after 70 but not after 110 days. 
Exposed to direct sun-rays, sputum infected after one hour’s but not 
after seven hours’ exposure. Darkness and moisture were conducive 
to prolongation of bacillary life, while dryness and thermostat tempera- 
ture hastened their destruction in sputum. A temperature near the 
freezing point was less favorable than room temperature. 

In later experiments Caldwell (7) mixed positive tuberculous sputum 
with dry dust and exposed this to direct sunlight in Arizona for intervals 
up to 72 hours, and found it still capable of producing extensive tuber- 
culosis in guinea pigs. 

Likewise, Rogers (8) found that dust material containing living tuber- 
cle bacilli can withstand drying and the effect of diffused light, and still 
retain virulence and produce tuberculosis in guinea pigs. The dust was 
obtained from wards housing open cases of tuberculosis. Again, blood 
and other organic matter coming from the body at postmortem can be 
blown around in dust, be inhaled by guinea pigs and produce tuber- 
culosis in them. 

Tubercle bacilli can remain infectious for a long time in books of the 
Braille print for the blind according to Chatin and Rochaix (9); con- 
sidering the mode of usage (reading with moistened fingers) this result 
was to be expected, as the authors state. Inoculation of pieces of paper 
three months after the use of such books by a blind tuberculous individ- 
ual caused a slowly progressing tuberculosis in three guinea pigs, sug- 
gesting that virulence had diminished in this time interval. 

Williams and Hoy (10), in experiments with faeces and manure con- 
taining bovine tubercle bacilli, found that, under ordinary conditions 
in the south of England, B. tuberculosis may remain alive and virulent 
in cow’s faeces exposed on pasture land for at least five months during 
winter, for two months during spring, and for four months during 
autumn. In summer no living organisms were demonstrated after two 
months. Living and virulent tubercle bacilli were found in naturally 
infected faeces after twelve months’ storage and for at least two years in 
artificially (heavily) infected faeces. In stored liquid manure they were 
found, with gradual diminution of virulence of the material, at least four 
months after infection. Brown, Petroff and Heise (11) found tubercle 
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bacilli by guinea-pig inoculation in sewage-contaminated river water 
from a tuberculosis resort town “at least three miles down stream from 
the sewer’s mouth” but not twelve miles below the sewer’s outlet. 

In 1914 Dudgeon (12) reported the survival of tubercle bacilli in 0.9 
per cent sodium-chloride solution taken from cultures on Dorset’s 
medium, as tested by guinea-pig inoculation. The “virulence” of 
human-sputum strains was considerably reduced after three and one- 
half months’ storage, while after five months the sputum failed to produce 
tuberculosis in 1.5- and 3.0-mgm. amounts. A strain of bovine tubercle 
bacilli did not infect after seven months’ storage at room temperature 
in a dark cupboard. The reaction of the salt solution is not recorded 
and the term “virulence” is used indiscriminately. In 1926 Shope (13) 
also reported on survival of tubercle bacilli in physiological salt solution 
(0.85 per cent NaCl), and found three suspensions, kept in a refrigerator 
near the freezing point, alive and virulent for periods of 310, 325 and 
330 days respectively. Two suspensions (“1 cc. per mgm. of bacilli’) 
were of bovine and one was of human type taken from glycerol-agar. 
Guinea pigs were used as test animals, inoculating 0.1 and 1.0 mgm. 
intraperitoneally. The reaction of the salt solution was not recorded. 

In 1921 Webb, Ryder and Gilbert (14), reporting on the survival 
and virulence of tubercle bacilli in excised lymph nodes, noted that their 
suspension in salt solution was still alive after 87 days. This investiga- 
tion suggested to the senior author (15) a study which led to the finding 
that tissue autolysates, being tuberculotoxic, can play a significant 
réle in destroying tubercle bacilli in vitro, and should be considered in 
evaluating experiments in which tissues and tubercle bacilli are asso- 
ciated. 

In 1908 Bartel and Neumann (16) reported studies on the behavior 
of tubercle bacilli in indifferent fluids, and found, in using heavy sus- 
pensions of bacilli and the guinea-pig test, that distilled water, river 
water and rain water, physiological and isotonic sodium-chloride solu- 
tion, as well as other salt solutions, affected the virulence of tubercle 
bacilli, while Heyden’s nutrient solution, water containing sputum, and a 
3 per cent Ringer-Loeb solution exerted no influence. Glycerine en- 
hanced the injurious effect of a detrimental solution but had no effect in a 
harmless one. The interpretations and experiments leave much to be 
desired for the purpose of evaluation in the light of our present-day 
knowledge. 

In 1909 Moriya (17), while studying the possibility of transmutation 
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of human tubercle bacilli in turtles, determined the effect of distilled 
water and 0.8 per cent sodium-chloride solution at incubator and ice- 
chest temperatures, comparing these with beef-decoction and glycerol- 
bouillon. In water and saline solution at 37°C. human bacilli lost their 
ability to grow on serum media in a few days, while in the ice-chest they 
grew up to five to sixteen days, and in the other two fluids they grew up 
to one hundred and fifty days, although the individual strains differed 
in this respect. Guinea-pig tests were positive for longer intervals: 
seven days for distilled water and over ninety-eight days for saline 
solution at 37°C., and ninety-eight days for water, and over one hun- 
dred and fifty-two days for saline solution in the ice-chest. In many 
respects the studies were incomplete, with a lack of data concerning the 
acidity of the solutions. The interpretation of virulence and viability 
is confusing for lack of quantitative conceptions and knowledge regarding 
nutrients and infection of guinea pigs. Obviously, conclusions such as 
that “tubercle bacilli on nutrients and indifferent fluids retain their 
virulence longer than their ability to grow” indicate this. In general, 
however, the difference in the effect of 37°C. and ice-chest temperatures 
is brought out by these studies, as well as the greater protection afforded 
by nutrient and balanced salt solutions. 

More recently Pugnani (18), using a fine suspension of a twenty-one- 
day-old culture of human tubercle bacilli in water, distilled free from 
ammonia and with ammonia, and in 0.85 per cent sodium-chloride solu- 
tion, found that 100 days in the ice-chest prevented subculture, while 
the ability to infect guinea pigs persisted after eight hundred days. He 
concluded that the power of reproduction im viiro is much more labile 
than the power of infecting, and that the resistance of tubercle bacilli 
is far greater than is to be inferred from the literature. 

In 1923 Corper and Gauss (19) endeavored to study the viability of 
cultures of human and bovine tubercle bacilli, as determined by ability 
to grow on transplantation to glycerol-agar and Petrofi’s gentian-violet- 
egg medium; and they found that fully-grown cultures of human bacilli 
remained viable, whether kept in the ice-box or in the incubator, for 
from about four to eight months, while bovine bacilli furnished sub- 
cultures for from eight to sixteen months. These findings become clear 
in the light of subsequent observations and the recognition of the com- 
paratively poor nutrient qualities (20) of the two test media used. In 
this connection an observation by Gloyne (21) is also interesting. In 
1914 he placed some stock laboratory cultures, capped with rubber, in 
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the ice-chest, and they were left untouched for six years, during most of 
which time the chest was not replenished with ice. One stock culture 
on Dorset’s egg medium survived, producing subcultures, and nodules 
in a rabbit, but not infecting a guinea pig or a bantam cockerel, while 
two on glycerol-agar failed to yield cultures on Dorset’s egg medium or 
infect guinea pigs. Two saprophytic acid-fast strains, four years old, 
yielded subcultures in the case of B. phlei but not in the case of Rabino- 
witsch’s bacillus. In a subsequent report eight years later he found that 
a suspension of human tubercle bacilli, taken from Dorset’s egg medium, 
suspended (1,000 million bacilli per cc.) in triple-distilled water and 
kept in ampules packed in ice (he called this “zero” condition) were still 
alive after twelve weeks by guinea-pig test, but lack of material pre- 
vented further observations. 

Aside from the one culture of tubercle bacilli (probably bovine) found 
alive after six years by Gloyne, a search of the available literature yielded 
no other data presenting evidence of the persistence of viability of 
tubercle bacilli im vitro for longer intervals of time, except a rather un- 
satisfactory description of an experience recorded by Karwacki (22) in 
1928. According to this report, in which details are lacking, 39 cultures 
of “homogeneous” tubercle bacilli and nine cultures of acid-fast bacilli 
that had stood in the laboratory for eight to ten years yielded, in the 
case of the tubercle-bacilli, transplants in all but 6 cases, while none of 
the 9 cultures of saprophytes grew. 

It is noteworthy also that the cultures that grew died after two to 
three transplants, even though the author states that the original 
cultures grew very well. Transplants were on agar, egg or potato 
medium. ‘The tubes were rubber-capped and one was sealed. The 
cultures had evidently dried out considerably, since several cubic centi- 
metres of sterile water had to be added and allowed to remain twenty- 
four hours before emulsifying. It is also to be observed that the trans- 
plants had lost their acid-fastness and grew like “cyanophilic” bacilli. 
Three strains showed a considerable viability and their acid-fastness 
persisted eighteen months. However, they grew slowly, a well-de- 
veloped culture having the appearance of a veil-like, colorless, moist and 
hardly perceptible growth. The description of the bacilli gave little 
assurance that they were tubercle bacilli, since from eighteen cultures 
twenty-two cultures of streptothrix were obtained, either pure or in 
symbiosis with acid-resistant bacilli. Karwacki twice found strands of 
streptothrix with partially acid-fast bacilli. This characteristic dis- 
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appeared from the next transplant. It is interesting also that the cru- 
cial test for pathogenicity by animal inoculation was not mentioned and 
was apparently omitted. Whether the author actually recovered tuber- 
cle bacilli or was dealing with accidentally introduced contaminators 
(not tubercle bacilli) could not be discovered from his report. 

Regarding the possibility of the survival of cultures of bacteria a 
report by Deacon (23), concerning B. prodigiosus, and just published, 
is of interest. While examining old stock-cultures belonging to Pro- 
fessor Wade, which had been sealed with sealing-wax, Deacon found a 
broth culture, inoculated in 1909, of B. prodigiosus (now known as 
Serratia marcescens), a nonsporogenic type, still capable of yielding 
subcultures after twenty-two and one-half years. The subcultures ap- 
parently retained all the characteristics of the original organism. 


EXPERIMENTAL TESTS ON TWELVE-YEAR-OLD CULTURES 


In analyzing a problem involving the causative agent of a disease 
there immediately arise two important questions which require con- 
sideration. The first is concerned with the ability of the organism to 
propagate or reproduce (in broad terms its viability under various 
conditions), and the second with its disease-producing propensities,— 
its pathogenicity. Both of these require interpretation on the basis of 
relative numbers; in the first case the relative numbers which will per- 
sist and grow, and in the second the relative numbers which will like- 
wise produce disease,—the virulence or pathogenicity. It was such an 
analysis which appeared pertinent when we found that a bottle of 
broth culture of tubercle bacilli which had been planted early in 1920, 
twelve years prior to examination, along with several hundred others 
containing among them quite a number of different strains of tubercle 
bacilli, many with known history and accurately labeled and dated, had 
grown in characteristic manner on transplantation to a good medium 
(inspissated glycerol-water-egg-yolk), capable of promoting the growth 
of small plantings, but not on a medium (the gentian-violet-egg medium 
of Petroff) that supports growth only after relatively heavy plantings. 
From among a large group of nursing bottles containing the 5 per cent 
glycerol-broth cultures of tubercle bacilli, which had been planted 
in the winter of 1919 to 1920 and which had been maintained in the in- 
cubator until examined in the spring of 1932, an interval of over twelve 
years, there were chosen 47 flasks containing human tubercle bacilli, 
and twenty (42.5 per cent) of these were found viable and capable of 
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growing in transplants on an inspissated glycerol-water-egg-yolk medium’; 
while, of 9 nursing bottles containing bovine tubercle bacilli, four cul- 
tures (44.4 per cent) were found viable and capable of growing on the 
yolk medium. In no case did transplants on gentian-violet-egg medium 
yield growth. 

Among these cultures there were 17 different strains of human tubercle 
bacilli, and twelve were successfully recovered, and included ‘‘Gluckson,” 
“Calendar,” “Rosenblatt,” ‘Mills,’ “Knight,” “Bernstein,” ‘Paster- 
nack,” “Bagby,” “Human avirulent,” “4015,” “2463,” and “1851.” 
The strains which were not recovered were “Auerbach” (two bottles 
tried), “Blum” (three bottles tried), “Levinson” (one bottle tried), 
“Smith” (one bottle tried), and “1687” (four bottles tried). All of the 
strains given in numerals had been isolated from patients in the 
Chicago Municipal Sanitarium prior to 1918, and had been maintained 
in transplants by the senior author, and those with names were isolated 
from patients at the National Jewish Hospital on Petroff’s medium 
shortly before preparing the broth cultures concerned in this study. 
Some of these strains have been used in previous studies on tubercle 
bacilli and are recorded in these publications (19), (24). Of the two 
bovine strains studied “Bovine D” was recovered in transplants, while 
“Bovine virulent” could not be recovered. “Bovine D” is identical 
with the organism recorded in previous communications as “Bovine 
avirulent” and was relatively avirulent for rabbits, while “Human” 
was earlier recorded as ““Human avirulent” and was relatively avirulent 
for guinea pigs at the time the bottles were planted in 1920. All of these 
tubercle bacilli studied grow only at or near the temperature of 37°C., 
and not at room temperature as do acid-fast saprophytes. This is 
pertinent since a few of these were of low pathogenicity. It is interest- 
ing here to record that the total bacillary mass obtained from some of the 
twelve-year-old cultures in 3 ounces of broth had been determined. 
From one bottle of “Human” there was obtained, after washing with 
water, 1.41 gm. of moist bacilli, which, upon desiccation, yielded 0.217 
gm. of dried bacilli, and from another bottle containing strain ‘‘2463” 
there was obtained 1.13 gm. of moist culture mass and this on desiccation 
weighed 0.196 gm. 

It was noted also that both surface and submerged colonies gave sub- 


? This medium consisted of egg-yolk, to which had been added 25 per cent water, and con- 
tained 3 per cent glycerol for human bacilli but was used both with and without glycerol for 
bovine bacilli. It was sterilized by inspissation. (Amer. Jour. Hyg., 1933, xviii, 1.) 
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cultures. Bottles which had no surface masses and contained only sub- 
merged colonies also gave successful subcultures. 


Correlation of pH of Medium and Viability of Bacilli 


In the winter of 1919-1920 sterile eight-ounce nursing bottles, plugged 
with cotton, were prepared, using a few drops of pure grain alcohol in 
each to ensure complete dry sterilization, and in these was placed 3 
ounces of 5 per cent glycerol-broth, prepared from beef-extract (0.3 
per cent), peptone (1.0 per cent) and sodium chloride (0.5 per cent), 
neutral to litmus and sterilized in the autoclave. On the surface of the 
broth were floated plants from a heavy growth of tubercle bacilli on 
Petroff’s gentian-violet-egg medium, and, after paraffining the cotton 
plug by dipping lightly in hot paraffin, the top was covered with either 
paraffin cloth or with tin-foil, and the bottle was placed in the incubator 
where it remained, after having attained a heavy and maximum growth 
of the bacilli, until examined in 1932. The maximum growth had been 
achieved in most cases within the first three months, as could be noted 
with the naked eye, and it appears unlikely that any further growth 
should have occurred in these bottles after the sixth month at most. 

In studying the pH of the culture media in the bottles examined, there 
was noted a certain parallelism between successful recovery of viable 
bacilli and the pH of the media. The following tabulation of the pH 
determined electrometrically and the positive-culture results indicate 
that no bottle was positive in which the acidity of the medium was below 
pH 6.24 for human bacilli and pH 6.10 for the bovine bacilli, or the alka- 
linity above pH 7.60 for the human bacilli. Each reading indicates a 
separate bottle of broth-culture and those yielding positive viable sub- 
cultures are blocked in black. 


Human tubercle bacilli 


4.76 5.64 6.28 6.64 


5.14 5.70 6.38 [6.66] [7.10] 
5.20 5.76 6.40 6.76] [7.20] [7-60] 
5.24 5.78 6.44 x [7.20] 7.66 
5.31 6.20 6 . 50) 6.86 7.24] 7.70 
5.32 6.20 6.58} x [7.30] 8.20 
5.50 6.24 6.60 6.94) 8.24 
5.52 [6.24] 6.60 6.94 [7.32] 


[7.34 
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Bovine tubercle bacilli 


5.46 5.50 6.24 [o-84] 7.32 


In evaluating these findings it must be noted that factors, such as 
evaporation, drying, contamination, etc., all play a part in determining 
the viability of the bacilli as well asthe pH. It might be noted that little 
evaporation occurred during the 12-year incubation period since 3 
ounces of broth was placed in the bottles, and most of those used still 
contained over two ounces. The data recorded for the bovine bacilli 
are not sufficient to warrant conclusions but are recorded for their 
possible value. 


The Approximate Number of Viable Bacilli Present in the Twelve-Year- 
Old Cultures 


Since it would be fair to assume that probably not all the bacilli in 
the cultures maintained at incubator (37°C.) temperature had remained 
viable during all this time after apparently maximum growth had been 
attained, and since some of the cultures revealed microscopic evidences of 
morphological changes such as would appear to accompany senescence 
and disintegration, it was interesting to determine, if possible, the 
number of viable bacilli still present in the culture mass. Of course, 
any such determinations with the tubercle bacillus could only be relative 
and approximate, but it would give some idea as to whether a large or 
small percentage had survived or succumbed, and would at least give 
some conception of the condition of the bacillary masses so far as what 
might be expected when used for infecting animals. The viability of 
the bacilli was determined for four of the cultures (“Human,”’ “Paster- 
nack,” “1851”? and “Bovine D’’) which had previously given viable 
subcultures from these same flasks. The procedure followed in making 
the determinations was as follows: A representative lump of culture 
mass was removed from the bottle and freed from the liquid medium 
by placing it on a sterile filter paper for ten to fifteen minutes, after 
which 50 mgm. of the bacillary mass was weighed into a 15-cc. centri- 
fuge tube and ground into fine suspension, using isotonic (0.9 per cent) 
sodium-chloride solution as diluent, so that graded amounts, from 10.0 
to 0.000,001 mgm. per cubic centimetre were available in the various 
dilutions for planting. A few drops of each dilution was planted in three 
tubes of inspissated glycerol-water-egg-yolk medium and placed in the 
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incubator. These were then compared with similar dilutions made 
from stock cultures of human and bovine tubercle bacilli with the results 
recorded in table 1. 


Fic. 1. Appearance of twelve-year-old culture of human tubercle bacilli (No. 2463) on 5 
per cent glycerol-broth, showing the type of eight-ounce nursing bottle used for the cultures, 
the bacillary growth on top of the broth and the bacillary sediment (both contained viable 
bacilli), as well as the mode of covering the mouth with paraffin-cloth after closing the bottle 
with a paraffined cotton stopper. Two of the original three ounces of broth are still seen in 
this bottle after twelve years at 37°C. 


TABLE 1 


The approximate number of viable tubercle bacilli in the twelve-year-old cultures of tubercle 
bacilli determined by graded plantings of definite amounts of culture mass 


| 
| AMOUNT IN MILLIGRAMS PER CUBIC CENTIMETRE OF SUSPEN- 
SION OF BACILLI PLANTED ON THE MEDIUM 
DATE OF CULTURE AND STRAIN OF BACILLI 


| 0.01 | 0.000,1 0.000,001 


(| 4-22-1920 | + | | 
“Human” 4 | 


| 
1932, subculture* + + 


(| 9 41920 0 0 
“Pasternack” 
| 1932, subculture + + 


2-27-1920 0 


“1851” 
1932, subculture 


“Bovine D” 


1932, subculture oo + + 


| 
(| 2-27-1920 0 
| 


* The ‘1932 subculture” designates the successful transplant obtained from the original 
broth-bottle culture when planted on the inspissated egg-yolk medium from which the bacil- 
lary mass was obtained and dilutions made. Stock cultures of human or bovine tubercle 
bacilli all grow in the highest dilution designated in this table, 0.000,001 mgm. per cc 
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In previous communications it has been shown that one milligram, 
moist weight, of tubercle-bacillus culture mass contains approximately one 
billion tubercle bacilli. It has also been shown that, while avian tubercle 
bacilli can be suspended to give successful growths regularly to about 
0.000,000,001 mgm. per cubic centimetre, human and bovine tubercle- 
bacillus suspensions, especially when prepared from relatively large 
amounts (50 mgm.) of bacillary mass, usually reveal an average growth- 
limit for suspensions diluted down to about 0.000,001 mgm. per cubic cen- 
timetre: that is, the average smallest number of bacilli, which will grow 
consistently from suspensions made with 50 mgm., and by using a good 
medium and proper precautions as to incubation and avoiding drying, 
is about 0.000,001 mgm. per cubic centimetre. An examination of 
table 1 now reveals that the different strains of human tubercle bacilli in 
twelve-year-old cultures gave transplants as far down in dilution as the 
0.01 mgm. per cubic centimetre amount, while the transplant itself grew 
in the 0.000,001-mgm. suspension. It would appear from this that only 
about 0.01 per cent of the bacilli in the twelve-year-old culture mass of 
human tubercle bacilli were still viable, while for the bovine bacilli it 
approximated 1.0 per cent, which would conform to our earlier findings 
and those of other investigators, who found that in culture and under 
various other influences bovine are more resistant than human tubercle 
bacilli. 


The Virulence of the Twelve-Year-Old Broth Cultures of Tubercle Bacilli 


Since the virulence of a number of the strains of tubercle bacilli re- 
covered from the twelve-year-old broth cultures had been determined as a 
routine prior to, and at the time of, planting in the glycerol-broth twelve 
years ago, and since these same strains had been maintained by regular 
transplants (at about monthly or bimonthly intervals) on fresh media 
(glycerol-agar and gentian-violet-egg medium) and grown at 37°C., it 
appeared of significance to compare the virulence of these twelve-year- 
old cultures with that of the present laboratory cultures of the same 
strain. The routine method employed for virulence tests for human and 
bovine tubercle bacilli in our laboratory is to inoculate duplicate guinea 
pigs subcutaneously in the lower left quadrant of the abdomen with 
graded fine suspensions prepared from weighed amounts of the bacilli 
containing usually four or five dilutions in approximations of one hun- 
dred, as, for instance, 1.0, 0.01, 0.000,1, 0.000,001 and 0.000,000,01 
mgm. per cubic centimetre. The animals were usually examined after 
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two or three months, depending upon the indications at the site of 
inoculation, and the amount of tuberculosis found at autopsy used as the 
index of virulence, considering both involvement and the dose used for 
infecting. 

TABLE 2 


The virulence of the twelve-year-old broth cultures of tubercle bacilli as compared to strains 
maintained by regular stock-culture transplants during this interval of time 


AMOUNTS OF SUSPENSION IN MILLIGRAMS INJECTED 
SUBCUTANEOUSLY INTO GUINEA PIGS 
CULTURES TESTED 


0.01 0.000,1 | 0.000,001 0.000,000,1 


1920 +* + + + 
“Gluckson” 
Stock culture 0 


“Mills” 1920 


“Pasternack” 1920 


“Bernstein” f 1920 


“1851” 1920 


“4015” 1920 


72463” 1920 
1920 
“Human’’t 
Stock culture 


“Bovine D” 


| 


1920 


Stock culture 


4. 


0 


0 


* The results of careful examination of the guinea pig’s postmortem is recorded as +, in- 
dicating a definite tuberculosis, or 0, indicating the absence of macroscopic tuberculosis in any 
of the organs or tissues. 

Tt “Human” and “Bernstein” were found relatively avirulent when tested prior to 1920, 
while all the other human bacilli were also obtained from sputum and were to be classed as 
virulent and capable of infecting guinea pigs in amounts below one-millionth milligram. 


Such results for some of these strains are recorded in table 2. Ob- 
viously, the virulence tests for the twelve-year-old broth cultures had 
to be made from the first new transplant (about one to two months old) 
to ensure that most of the bacilli being weighed out for test were viable. 

It is to be noted from table 2 that all of the virulent strains of the 


STRAIN 
+ ~ + + 
+ + + 0 
0 0 0 0 
0 
+ + + + 
+ + + + 
0 0 0 0 
0 0 0 0 | 
+ 
— | 
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twelve-year-old cultures of human tubercle bacilli have not suffered a 
diminution of virulence during twelve years’ residence in the incubator 
at 37°C. in glycerol-broth, with a reaction between pH 6.10 and pH 7.60, 
while low-virulent strains, such as ‘“‘Human” and “Bernstein,” remained 
at low virulence during the twelve years’ residence in the incubator. 
It would appear from the findings with “Gluckson” that, although the 
viable bacilli in the twelve-year-old culture remained highly virulent, 
prolonged and repeated artificial cultivation had caused a slight but 
definite diminution of virulence (a slow transition only), which is borne 
out also by other experiments, not tabulated here, with that organism 
which has been tested at regular intervals within the past twelve years. 
Such changes as occurred might be designated as a decrease of malig- 
nancy rather than a decrease in infective power,—a differentiation sug- 
gested by Dr. Henry Sewall to define virulence more accurately. It 
would appear from these experiments that virulence is a property in- 
herent and unchangeable in individual bacilli by any means at present 
known, but that prolonged cultivation on artificial media may cause a 
perceptible though not striking change in the progeny of the human 
tubercle bacilli under ordinary conditions of laboratory perpetuation on 
nutrient media. The fact that only one bovine strain was recovered, 
and that this had not been satisfactorily tested for virulence in guinea 
pigs prior to the experiment, leaves us at a loss at present to draw conclu- 
sions regarding these organisms, but we hope to elucidate this in the 
future with a larger number of bovine strains and possibly include the 


avian tubercle bacillus. 


The Morphological Changes in the Bacilli of the Twelve-Year-Old Cultures 
of Tubercle Bacilli 


A great many smears, stained by the Ziehl-Neelsen technique and taken 
from the various broth-culture bottles, were examined to determine, if 
possible, what morphological changes the bacilli had suffered during 
their twelve years’ residence in the incubator following complete growth 
on the glycerol-broth medium. In general there were findings ranging 
from fairly well-preserved acid-fast bacilli to numerous coccoid forms, 
and in some cases a predominance of acid-fast débris. Although in 
some cases a predominance of intact acid-fast bacilli was noted, the 
general characteristics of the findings conformed to that previously des- 
cribed by one of us (25) for the cytomorphosis of the tubercle bacillus 
and other acid-fast bacilli. 
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Fate of Tubercle Bacilli in the Body 


It is not the purpose of this study to dwell in any detail on the fate of 
tubercle bacilli in the body, since this really is part of a more extensive 
study which has been reported previously, and which will further be 
elaborated in a more complete report from us, but a few remarks and the 
data obtained from one dog of a series appears worthy of presentation 
to correlate the in vitro with the in vivo phases of this problem. This is 
presented especially in view of the fact that the criticism to most tests 
on human material bearing on latent bacteriological infection was that 
no control tests could be included, and this especially in the light of our 
recent views of the possibility of infection at any age-period and that 
proper precautions could not be taken to exclude contamination with 
tubercle bacilli from other foci, since the cases studied also possessed 
positive foci elsewhere in the same organ (the lungs) or in the body. 

In an earlier communication (26) on the fate of tubercle bacilli in the 
body it was noted, as a result of animal experiments and guinea-pig 
tests of the infected organs, that the bacilli had usually been destroyed 
in the organs in the average animal within about one year following in- 
fection with relatively small intravenous doses of fine suspensions of 
bacilli. However, the high virulence of the bacilli and the difficulty of 
introducing large amounts of bacilli precluded determining how long 
large numbers of bacilli would persist in the organs following the intra- 
venous injection of relatively fine suspensions, such as could be prac- 
ticably prepared from large amounts of bacilli. Obviously, virulent 
bacilli could not be used, and so avirulent human tubercle bacilli were 
tried, being introduced intravenously in 30-mgm. amounts per pound. 
Many of the dogs succumbed shortly following the injection of this 
amount, but several survived and the findings in one of these is recorded 
below. 

This dog weighed 16 pounds at the time of injection and received, 
therefore, 480 mgm. of the ‘“Human”’ tubercle bacillus, the same strain 
previously described in this paper. Three years and three months 
after injection, the dog, being in perfect health, was killed, and the organs 
of the animal were examined by a delicate culture method equivalent in 
efficiency for finding tubercle bacilli to guinea-pig inoculation for virulent 
tubercle bacilli (obviously we had to depend on the culture determination 
alone in this case since the tubercle bacillus was avirulent); and we 
obtained positive cultures from the lung, liver, spleen, thymus, bronchial 
and mesenteric lymph nodes, but not from the bone-marrow, kidneys, 
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heart’s blood, adrenal, pancreas, testes, thyroid and omentum. The 
recovered strain proved identical to the one injected in the following 
points aside from close resemblance of morphological characteristics: 
It grew only at approximate incubator temperature (37°C.); it gave the 
human reaction curve; and it failed to infect guinea pigs within three 
to four months in amounts as high as 10 mgm. of bacilli. However, a 
careful examination of sections stained with carbol-fuchsin revealed 
no acid-fast bacilli in any of the organs (which is understandable when 
considering the number required to give positive findings in sections), 
and histological study of all these tissues revealed no characteristic 
findings for tuberculosis, such as giant cells, tubercles or characteristic 
grouping of monocytic or epithelioid cells. Nevertheless, two of the 
organs showed slight deviations from normal, the lung presenting a slight 
interstitial pneumonitis and the spleen containing scattered clusters of 
epithelioid-like cells in the pulp, which would not, however, permit a 
diagnosis of tuberculosis. That the amount of tubercle bacilli injected 
produced tuberculous tissue changes earlier after infection is evident 
from previous work reported by us (27), in which even dead bacilli in 
this amount given intravenously to dogs and other animals resulted in 
the formation of tubercles in the lung, liver and spleen when examined 
histologically about thirty days after injection. It appears evident, 
therefore, that, in spite of the persistence of viable bacilli in the organs 
of the dog receiving 480 mgm. of avirulent human tubercle bacilli intra- 
venously, apparently the amount of bacilli rather than their viability 
determines the tissue reaction over a long period of time. That resolu- 
tion can occur is accepted at present, and is verified by roentgenological 
observations. The finding of viable bacilli would make it appear that 
avirulent tubercle bacilli, if present in sufficiently large amount and 
apparently even consistent with lack of the presence of characteristic 
histological tissue changes of tuberculosis, can remain viable in the lung, 
liver, spleen, thymus, bronchial and mesenteric lymph nodes of the dog 
for over three and a quarter years. 


SUMMARY AND CONCLUSIONS 


1. In 1919 and 1920, several hundred 8-ounce nursing bottles, con- 
taining about 3 ounces of 5 per cent glycerol-broth, neutral to litmus, 
were planted with 19 different strains of human and bovine tubercle 
bacilli, and were maintained at 37°C. from then until 1932, when 47 
bottles containing cultures of human tubercle bacilli were chosen to 
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determine the viability of the bacilli. Twenty (42.5 per cent) of these 
were found capable of growing on an inspissated egg-yolk medium, while, 
from 9 bottles planted with bovine tubercle bacilli in 1920, four cultures 
(44.4 per cent) were viable in 1932 and grew on subculture. 

' 2. Twelve strains of the original 1919 and 1920 cultures of 17 different 
strains of human tubercle bacilli subcultured in 1932 grew on the egg 
medium and were recovered for study and perpetuated, while, of two 
bovine strains, one grew and was recovered and was perpetuated. 

3. There was noted a certain parallelism between the successful re- 
covery of the bacilli in viable form and the pH of the medium at the 
time of the attempt to grow the bacilli twelve years after planting. None 
of the transplants grew from bottles in which the acidity of the medium 
was below pH 6.1 or the alkalinity above pH 7.6. 

4. A determination of the approximate number of live bacilli present 
in the culture masses revealed that about 0.01 per cent of the bacilli in 
the twelve-year-old culture mass of human tubercle bacilli were still 
viable, while about 1.0 per cent of the bovine bacilli were still able to 
grow, conforming to earlier observations by us and other investigators 
who found bovine tubercle bacilli more resistant to detrimental in- 
fluences in general than human tubercle bacilli. 

5. It was noted that all of the virulent strains of the twelve-year-old 
cultures of human tubercle bacilli had not suffered a diminution of viru- 
lence during twelve years’ residence in the incubator at 37°C., while 
low-virulent strains remained of low virulence during this time. In 
contrast, prolonged and repeated artificial cultivation, however, caused a 
slight but definite diminution of virulence (a slow transition) of human 
tubercle bacilli in stock cultures. It would appear from this that viru- 
lence is a property inherent and unchangeable in individual bacilli, but 
prolonged cultivation on artificial media may cause a perceptible, 
though not striking, change in the progeny of human tubercle bacilli 
under the ordinary conditions of laboratory perpetuation on culture 
media. 

6. These observations also suggest a means for maintaining the original 
culture of a strain of bacilli as control for tests of methods to enhance 
or diminish virulence as well as to study other factors of the growth of 
tubercle bacilli. 

7. The morphological changes noted in the bacilli in the twelve-year- 
old cultures conformed to those previously described under the changes 
of the cytomorphosis of tubercle bacilli (1926). 
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8. In correlating these culture findings with in vivo conditions of the 
survival of tubercle bacilli it is evident that the persistence of the bacilli 
in the body is dependent upon a number of factors, but prominent among 
these, aside from the pathogenicity of the bacilli, is the factor of the 
number of tubercle bacilli introduced into the organs and tissues of an 
animal. This is evident from the fact that while smal] numbers of 
virulent tubercle bacilli in fine suspension are removed from the organs 
and tissues of the rabbit and dog within about one year, large amounts 
of even avirulent human tubercle bacilli can persist in the tissues of the 
dog in viable form for over three and a quarter years without the pres- 
ence of characteristic histological evidences of tuberculosis in these 
tissues. 


Note: The authors appreciate the assistance of L. D. Miller and Martha Brown with some 
of the experiments reported in this study. 
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TUBERCLE BACILLI IN THE BLOOD-STREAM OF RABBITS 
FOLLOWING SUBCUTANEOUS AND INTRAPERI- 
TONEAL INOCULATION 


Second Paper! 


LUCY MISHULOW anv WILLIAM H. PARK? 


We found in a previous investigation (1) that tubercle bacilli were 
present during the entire course of infection in the blood-stream of rab- 
bits inoculated intravenously with a culture of the human-type tubercle 
bacilli. Since that publication we have examined the blood of two more 
rabbits that were similarly inoculated. These rabbits were bled 24 hours, 
48 hours, and 6 days after inoculation, and the blood cultures were 
strongly positive. 

In the present study we tried to determine whether a bacteriaemia will 
also occur in rabbits that were infected by the subcutaneous or intra- 
peritoneal route. 

In order to obtain a generalized infection in the rabbits we used a newly 
isolated strain of bovine tubercle bacilli (C1) and inoculated two rabbits 
subcutaneously and two intraperitoneally. 

The rabbits were bled aseptically from the marginal ear-vein into a 
small amount of sterile sodium-citrate solution in order to prevent clot- 
ting, and part of each bleeding was plated immediately on Bordet-Gengou 
medium, and the remainder inoculated into guinea pigs. Bleedings were 
made every three or four days beginning three days after inoculation and 
continuing until the death of the animals. 

The results of this experiment are given in table 1. 

The results obtained showed that there was no demonstrable invasion 
of the blood-stream in the rabbits inoculated with tubercle bacilli intra- 
peritoneally, and only in one of the two rabbits inoculated subcutaneously 
(R93). This rabbit was inoculated with 4 mgm. of a bovine culture (C/), 
0.01 mgm. of which will kill a rabbit in less than 2 months when given 
intravenously. All its bleedings were negative, both on culture and 
guinea-pig inoculation, until the day of death, 115 days after inoculation, 
1 From the Bureau of Laboratories, New York City Department of Health. 


2 Assisted by Nathalie Dillont. 
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The culture of this last bleeding showed only one colony of tubercle 
bacilli, although a number of plates were inoculated and 1.5 cc. of the 
blood was used. The two guinea pigs that were inoculated with the 


A study of tuberculous bacillaemia in rabbits inoculated subcutaneously and intraperitoneally 
with bovine bacilli C1 


METHOD OF 
INOCULATION 


NUMBER 
OF BLEED- 
INGS 


CULTURE 


DURATION OF 
INFFCTION IN 
RABBIT 


AUTOPSY OF RABBIT 


Intraperi- 
toneal 


Nega- 
tive 


Died, 21 days, 
another in- 
fection 


Lymph nodes enlarged; 
spleen, tubercles +; 
no other tuberculous 
lesions 


Intraperi- 
toneal 


Died, 55 days, 
tuberculosis 


Lymph nodes enlarged; 
cheesy abscess on ab- 
dominal wall; lungs, 
tubercles ++ 


Killed, 48 days 


Abscess at point of in- 
oculation; lungs, 
bercles ++; lymph 
nodes enlarged; cul- 
tures from lungs and 
bone-marrow +; kid- 
neys, tubercles + 


Died, 115 days, 
tuberculosis 


Abscess at point of in- 
oculation ; kidneys, tu- 
bercles +; lungs, tu- 
bercles +++; cul- 
tures from lungs and 
bone-marrow, + 


* Smears of the inguinal and retroperitoneal lymph nodes showed very small partially acid- 
fast bacilli. Cultures of the lymph nodes were negative. 


remainder of this bleeding (0.7 cc.) were killed 60 days later and were 
Thus the organisms in the blood of the rabbit 


negative for tuberculosis. 


were very few in number even on the day of death of the animal. 
The difference in the results obtained when rabbits were infected intra- 
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venously as compared with those that were infected by subcutaneous or 
intraperitoneal inoculation may be explained as follows: 

In intravenously inoculated rabbits the primary localization of tubercle 
bacilli is in the lungs, and the disease is acute and extensive and, prob- 
ably because of this reason, the bacilli are constantly excreted from the 
tubercles of the lungs into the blood-stream. 

In the subcutaneously and intraperitoneally infected rabbits, the 
course of infection is much more chronic, and the infection spreads pri- 
marily by the lymph-channels and the number of organisms in the blood- 
stream may be too small to be detected. 


REFERENCE 
(1) Misxutow, L., anp Park, W.H.: Jour. Prev. Med., 1932, vi,95. 
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THE INHIBITORY EFFECT OF NORMAL BLOOD ON THE 
GROWTH OF TUBERCLE BACILLI AT INCUBATOR 
TEMPERATURE 


H. J. CORPER anp C. B. VIDAL 


Many erroneous notions and conclusions have permeated tuberculosis 
literature in the past and, to a certain extent, this has been due to some 
of the almost freakish propensities of the slow-growing microérganism, 
the tubercle bacillus. One of its interesting reactions is that it will grow 
on a wide range of culture media,—even to the point of propagating on 
one classed as a non-nutrient for other pathogenic microérganisms and 
composed of the simplest chemical constituents, such as a buffered 
ammonium-citrate solution, provided plantings are sufficiently heavy. 
On the other hand, small numbers of bacilli may be highly sensitive to 
nutrient and other requirements. This makes it extremely precarious 
to draw conclusions from experiments performed, as in former days, 
when only relatively heavy plantings were used and before the introduc- 
tion of graded-planting conceptions and differing nutrient values. 

In the years following the discovery of the tubercle bacillus the guinea 
pig was justifiably accorded the place of preference for discerning small 
numbers of human and bovine tubercle bacilli in all types of material in- 
cluding tissue and contaminated specimens of all kinds. The reason 
for this is now obvious in view of the fact that secondary and sapro- 
phytic microérganisms were destroyed by this animal, while the tubercle 
bacillus was given a suitable soil for propagation in the case of virulent 
or highly pathogenic bacilli. However, with tissues there were certain 
restrictions to the use of the guinea pig in that only limited amounts of 
bacilli could be used or they would produce undesirable ulcers or even 
lead to the early death of the animal. In addition, colonies could not be 
determined in the animal, and culture methods appeared advantageous 
for this purpose. With the advent of better media, at least their more 
accurate evaluation, this goal seemed in sight, and so attempts were made 
to count colonies of tubercle bacilli without, however, resorting to ade- 
quate control: and this particularly when concerned with the study of 


1 Research Department, National Jewish Hospital, Denver, Colorado. 
878 


| 
| 
| 


INHIBITORY EFFECT OF NORMAL BLOOD 879 


the blood and tissues of experimental animals infected with tubercle 
bacilli. 

Thus, a recent study concerning the presence of tubercle bacilli in the 
blood-stream of rabbits during the course of infection (1) would lead one 
to believe that the number of tubercle bacilli in the blood of rabbits could 
be counted by determining the number of colonies growing after one 
month on Bordet-Gengou and Loewenstein’s media after planting as 
much as 5 cc. of the citrated blood on these media, and this because the 
animals were heavily and fatally infected and thus only heavy plantings 
were concerned. Likewise, one might be led to infer from publications 
(2) that colonies of human and bovine tubercle bacilli in the organs of the 
rabbit could be counted in one gram of tissue accurately weighed, after 
grinding with sand and planting on Dorset’s egg and Petroff’s gentian- 
violet-egg media. Although it is admitted that, ‘while the method does 
not give the absolute number of living tubercle bacilli in a given specimen 
of tissue, it gives the relative numbers with sufficient accuracy;” also 
that ‘‘mathematical accuracy is not to be expected in a biological experi- 
ment of this nature, especially in dealing with the capricious growth 
proclivities of an organism like the tubercle bacillus;” and that, ‘“‘further- 
more, variation in the susceptibility of individual rabbits, in the pieces of 
tissue selected and in the dispersion of the tubercle bacilli in the inoculum, 
cause variations in the results obtained,” are statements which attempt 
to account for obvious variations while controls on the effect of blood 
and tissues on the growth of tubercle bacilli are omitted from the tests 
performed: however, “difficulty in isolating tubercle bacilli in pure cul- 
ture from the lung without sodium hydroxide, until pathological changes 
have taken place,”’ should make us suspicious that tissue toxic factors 
must be considered as playing a part, particularly in view of the fact that 
it has been demonstrated that autolytic products of tissues can destroy 
tubercle bacilli (3) and especially at 37°C., the temperature required for 
the growth of human and bovine tubercle bacilli. 


EXPERIMENTAL PART 


In view of the fact that we have never been able to approximate 
accuracy in determining the number of viable bacilli by counting the 
colonies on culture media in control tests performed with fine suspen- 
sions of human and bovine tubercle bacilli but have had to resort to the 
approximate dilution-extinction method for this purpose with fine sus- 
pensions, ground tissues or pus, we first endeavored to determine whether 
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the planting of blood directly upon good media (potato cylinder (4) and 
inspissated glycerol-water-egg-yolk (5)), capable of supporting the growth 
of small numbers of tubercle bacilli, would reveal an inhibition of growth, 
due to the presence of autolytic products developed in the blood at incu- 
bator temperature, using blood, which had been treated with one to two 
volumes of 6 per cent sulphuric acid for thirty minutes to one hour at 
37°C. (which procedure destroys blood and tissue autolytic enzymes) 
and neutralized with 1.3 per cent sodium-bicarbonate solution (6) as con- 
trol. , 

A suggestion of the inhibitory or destructive effect of blood was ob- 
tained from an experiment, in which a series of dogs and rabbits were 
given intravenous injections of fine suspensions of human tubercle bacilli 
(containing 0.01 and 0.000,1 mgm. per cc.) and at certain intervals after 
injection blood was withdrawn from the animal and about 1 cc. was 
inoculated into guinea pigs and an equal amount untreated was planted 
on the crystal-violet-potato medium directly, and also after sulphuric- 
acid treatment followed by neutralizing with sterile isotonic (1.3 per 
cent) sodium-bicarbonate solution. In this experiment three different 
strains of freshly isolated human tubercle bacilli were used. While 
positive culture findings and guinea-pig infection occurred, in no case 
were the bacilli found to grow on the potato medium planted with the 
blood directly. It must be noted also that, although the findings in 
guinea-pig inoculation and culture, following the sulphuric-acid treat- 
ment, agreed in most cases, occasionally the guinea pig would be positive 
and the culture negative and vice versa, so that the findings with the 
guinea pig and the culture ran about parallel, neither exceeding the other 
in sum-total findings. 

It appeared obvious from these findings that the blood was exerting a 
detrimental influence upon the tubercle bacilli during incubation on a 
good medium, but more accurate and better-controlled tests seemed 
desirable, especially with blood in which known and definite numbers of 
human and bovine tubercle bacilli in fine suspension had been placed. 

In this experiment three different strains of tubercle bacilli were used: 
two human, one of which, “Gluckson,” was a laboratory strain over 


twelve years old, which was still highly pathogenic for guinea pigs and 
which was chosen because of its ability to grow well on media (a property 
evident in the original culture at isolation) and the other human, no. 34, 
recently isolated from sputum; and one bovine, no. 39, recently isolated 
from the tuberculous organs of acow. ‘Two different types of blood were 
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used,—from the rabbit and the dog. In different tests defibrinated 
blood or citrated blood was used but with no evident difference in the 
results. The citrated blood was prepared by the addition of one-tenth 
volume of 3 per cent neutral trisodium-citrate solution. In addition, the 
haemolysate and sediment after haemolysis with distilled water was 
tested, to determine whether there was any difference in the reaction of 
these fractions upon the bacilli. The sediment before use was washed 
several times with ten volumes of distilled water, to free it as far as pos- 
sible from haemoglobin. These were then planted with graded amounts 
of fine suspensions of the tubercle bacilli, in the proportion of one volume 
of saline suspension of bacilli to nine volumes of blood, and 1 cc. of the 
mixture was either planted directly on the culture media or it was sub- 
mitted to treatment with one to two volumes of 6 per cent sulphuric acid 
for thirty minutes to one hour at 37°C. (with occasional shaking during 
this time), and was then neutralized with 1.3 per cent sodium-bicarbonate 
solution (containing 3 per cent glycerol for the human bacilli and without 
glycerol for the bovine bacilli). The suspensions of bacilli were prepared, 
so that in the final dilution with the blood each cubic centimetre would 
contain 1.0, 0.01, 0.000,1 or 0.000,001 mgm. of bacilli. The media 
used were the crystal-violet-potato medium (described by Corper and 
Uyei) and the inspissated egg-yolk medium (described by Corper and 
Cohn). The culture tubes were read at weekly intervals and the results 
of these tests are recorded in table 1. 

Since essentially identical results to those recorded in table 1 were ob- 
tained with rabbit’s blood used in place of the dog’s blood these data are 
not recorded here. From the results obtained with dog’s and rabbit’s 
blood it is to be noted that these bloods, either citrated or defibrinated, 
or the haemolysate or cellular residue therefrom, prepared by means of 
distilled water and subsequently again made isotonic with saline solution, 
have a detrimental and inhibitory effect on human and bovine tubercle 
bacilli contained therein when placed on good media such as potato 
medium or inspissated egg-yolk and incubated at 37°C. That this 
effect could not have been due to the reaction of the blood is evident from 
the fact that it was planted on well-buffered neutral media, and also 
when sterile defibrinated dog’s or rabbit’s blood is placed at incubator 
temperature the pH, measured electrometrically, only changes slightly 
from pH 7.0. A typical set of readings on rabbit’s blood which originally 
was pH 7.1, was pH 6.95 after one week, pH 6.89 after two weeks, pH 
6.81 after four weeks, and pH 6.88 after six weeks at 37°C. This is well 
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within the safe pH range for obtaining an excellent growth of tubercle 
bacilli on these media. 


TABLE 1 


The growth of tubercle bacilli from normal dog’s blood treated with 6 per cent suiphuric acid and 
neutralized, and from untreated dog’s blood at 37°C. on good culture media 


AMOUNT OF BACILLI IN MILLIGRAMS IN ONE 
CUBIC CENTIMETRE OF BLOOD AND RESULTS 
ON POTATO AND EGG MEDIA 


STRAIN OF BACILLI BLOOD FRACTION TREATMENT © 


TESTED USED OF BLOOD 0.01 


= 


Potato 
Potato 

| Egg 
Potato 


NS 
* 


Untreated 
H2SO, 
Untreated 
H2SO, 
Untreated 
H2SO, 
Untreated 
H2SO, 


Citrated 


Gluckson (a vir- 
ulent 12-year- 
old laboratory 
strain) Haemolysate 


Defibrinated 


ND WwW | Egg 


OP WE WR 


NN NOH 
NN NOH NHN 
Ow WW W 


Sediment 


Citrated H:SO, 


Untreated 
H2SO, 
Untreated 
H2SO, 
Untreated 


Sputum strain Defibrinated 
human 34 (re- 


cently _iso- Haemolysate 
lated) 


MER WOASROASD NONKRNO WO 


RASA CA 


Sediment 


rr 


ND PAA 


Untreated 
H.SO, 
Untreated 
H2SO, 


Bovine _ strain 
no. 39f (re- 


cently _iso- 
lated) Defibrinated 


Citrated 


{ Untreated 


NA KYA OWA WO NANwWNO NO | Ess 


Ww 
ND Ww 


* The numeral given indicates the number of weeks before a positive macroscopic growth 
was discerned, “0” indicating the absence of growth within 12 weeks, the period of study. 

1 The effect of the haemolysate and sediment of the dog’s blood upon the bovine tubercle 
bacilli was also studied, but, since the effect did not essentially differ from that of the whole 
blood, it is not recorded. 


The effect of the blood was more pronounced on the egg medium than 
it was on the potato medium, which fact is left unexplained at present. 
This effect of the blood on the tubercle bacilli was entirely lacking when 
the blood and contained tubercle bacilli were treated with one to two 
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volumes of 6 per cent sulphuric acid, for thirty minutes to one hour at 
37°C., which destroys the autolytic enzymes in the blood, and was neu- 
tralized by means of an isotonic sodium-bicarbonate solution before 
planting. Regardless of the treatment, however, it has never been 
possible to accurately determine the number of tubercle bacilli placed in 
blood by counting the colonies which this blood will yield on good media 
suited to growing small numbers of tubercle bacilli from fine suspensions. 


SUMMARY 


The growth of human and bovine tubercle bacilli on good media is 
inhibited by normal blood from dogs or rabbits. This inhibition is more 
evident with small numbers of bacilli than it is with large numbers and it 
is more evident on inspissated egg-yolk than it is on potato. 

The effect is due to the development of toxic autolytic products from 
normal blood, and is absent when the blood has been treated with one or 
two volumes of 6 per cent sulphuric acid for one-half to one hour at 37°C., 
which destroys the autolytic enzymes, followed by neutralization with 
isotonic sodium-bicarbonate solution (or other nontoxic alkalies). 
Regardless of the treatment, however, accurate determination of the 
number of tubercle bacilli placed in blood is not possible by counting the 
colonies which this blood will yield on good media suited to growing small 
numbers of human and bovine tubercle bacilli from fine suspensions. 


The authors are grateful to Mr. Ray Stoner for assisting with the experiments on which 
this report is based. 
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THE EFFECT OF ANIMAL PASSAGE ON THE VIRULENCE 
OF TUBERCLE BACILLI! 


HENRY STUART WILLIS 


A discussion of the virulence of bacteria is always wanting in some 
particulars, because the measure of this bacterial capacity is relative and 
variable. For the purpose in hand we may reckon virulence simply as 
the capacity of a germ to live and multiply in tissues if by so doing it 
produces progressive disease in the latter. It is obvious that the natural 
resistance or susceptibility of different animal species is an essential, 
determining factor in the virulence of bacteria. It is so well known as to 
be trite that certain bacteria which are deadly for one kind of animal may 
be completely innocuous for another species. It is established, for 
example, that pneumococci may be quickly fatal for mice and have no 
effect upon guinea pigs and that the human tubercle bacillus is highly 
pathogenic for guinea pigs but only slightly so for rabbits. 

In respect to the tubercle bacillus numerous methods are supposed to 
be associated with changes in virulence. Some of these lessen while 
others increase the germ’s capacity to set up serious disease. For in- 
stance, prolonged life on culture media may lead to great reduction in 
virulence, as is illustrated in the two well-known strains BCG and Ri. 
Change in the mechanical, thermal, physical, chemical or biological 
environment is claimed by many workers to alter virulence. Long 
residence in the bodies of various animals that are refractory to tubercu- 
losis has been claimed by some to diminish the virulence of tubercle 
bacilli, while passage through animals has been urged as a mechanism for 
increasing the virulence of this same germ. 

However, the question of concern here is not so much a consideration 
of virulence per se as it is a question of the possible effect produced on 
virulence by the frequent passage of a given bacterium from susceptible 
animal to susceptible animal. 

Passage of bacteria from animal to animal, apparently employed first 

1 From The Kenneth Dows Tuberculosis Research Fund of the Johns Hopkins University 


and Hospital, Baltimore, Maryland, and the Pathological Laboratory, Wm. H. Maybury 
Sanatorium (Detroit Municipal Tuberculosis Sanatorium), Northville, Michigan. 
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by Pasteur, has led to differing and, in numerous bacteria, bizarre results 
upon the virulence of the strains passed; that is, upon the capacity of the 
strains to establish progressive disease in given species of animals. It 
diminishes the pathogenicity of some types and enhances this property 
in others. Animal passage of the pneumococcus, streptococcus, staphy- 
lococcus and typhoid bacillus tends usually to increase virulence. As 
regards the tubercle bacillus, results have been variable and often in- 
conclusive. Koch (11) reported an increase in virulence after a short 
series of passages. Roemer (21) in 1903 experienced a marked increase 
in the virulence of a strain after passage through one goat and three 
guinea pigs. De Jong (10) made similar observations but concluded 
that not all strains were susceptible to such changes. He passed human 
tubercle bacilli through two goats and one calf to bring their virulence 
up to that of bovine bacilli.? 

In keeping with de Jong’s observation that not all strains develop an 
increase in virulence through animal passage, Browning (3) has re- 
ported the intraperitoneal inoculation of mice with either human or 
bovine strains which were continued in such animals for from five to 
eight passages without the intermediation of the culture-tube. He 
observed (1) marked increase in virulence in several strains, which, how- 
ever, was always followed by decrease in virulence, and (2) occasional 
diminution in virulence; he noted (3) that animals not particularly 
susceptible to a given strain might modify and accentuate the virulence 
of that strain for other animals of the same species when the latter were 
subsequently inoculated, and (4) that virulence is more constant when 
the strain grows on media than when it is kept continuously in animals. 
After extensive experimentation, which involved the use of large numbers 
of rabbits, guinea pigs, calves, goats, fowl, amphibians and reptiles in 
passage observations, Janscé and Elfer (9) concluded that there was no 
consistent elevation or diminution of the virulence of human, bovine or 
avian strains and that, in general, animal passage had no appreciable 
effect upon this faculty. Some workers have contended that animal 
passage may not modify the virulence of pure cultures but that the 
transfer through animals of tubercle bacilli contained in tissues may lead to 
such a result. In such a possibility the British Commission concurred 
(20), but no apparent proof of this contention has been adduced. 

The effect of animal passage upon saprophytic, nonpathogenic acid- 


2 It was de Jong’s contention that human and bovine strains were identical and that their 
surmised differences were simply a matter of fluctuating virulence. 
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fast bacilli has been studied carefully, especially since the claims of 
Kolle, Schlossberger and Pfannenstiel (13) were published in 1921. 
These workers reported several instances of miliary tuberculosis in 
animals inoculated with strains of nonpathogenic acid-fast bacilli that 
had been passed through a few successive groups of animals. Heymann 
and Strauss (8) could not obtain such results upon repeating the work 
of Kolle and his associates with two well-known nonpathogenic strains, 
but did find a moderate increase in virulence in a strain which they 
obtained from Kolle’s laboratory and which they concluded was prob- 
ably an avian rather than a saprophytic strain. Lange (17) was entirely 
unable to confirm these claims, as were also Rondoni and Dal Callo (22), 
who not only failed to produce virulent out of nonvirulent strains but 
found great difficulty in carrying out very long series of passages because 
of the marked tendency of such strains to die in or disappear from animal 
tissues,—an experience familiar to all who have inoculated such strains 
into animals.? A few years earlier Thiele and Embleton (25) made 
somewhat similar claims which Krause (15) was unable to confirm. 

It is a common observation that many strains of tubercle bacilli that 
have been kept on culture media for a long time lose considerably in 
virulence. Uhlenhuth and Seiffert (27) reported their observations on 
passages of a human and a bovine strain which, though originally viru- 
lent, rarely produced disease at the time of their study. They observed 
that recrudescence of virulence occurred very occasionally, but that it 
could not be produced in any planned or regular way. In certain 
animals the virulence seemed to be lessened. These careful workers 
concluded that their results indicated, not a change in virulence, but 
progressive disease in an occasional animal which was peculiarly sus- 
ceptible to the strain. They asked whether one might expect return of 
virulence in an old, relatively avirulent culture and gave it as their 
belief that avirulent bacilli (BCG included) are able occasionally to 
bring about fatal disease in an especially susceptible individual without 
the strain undergoing any essential change in virulence. 

Several investigators have studied BCG by animal-passage experi- 
ments. In this work difficulty of recovering the strain from the internal 


* It is interesting that, eleven years after the publication of this work, Kolle (14), testifying 
as an expert in the hearing over the Liibeck tragedy, remarked that spontaneous tuberculosis 
in his animals had been responsible for his erroneous conclusions regarding the acquisition of 
virulence by nonpathogenic acid-fast bacilli. 
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viscera after inoculation has led to inoculation into the cornea. Kirch- 
ner (12) has reported such inoculation of rabbits with doses varying from 
0.2 mgm. to 0.000,01 mgm., the infection being carried from animal to 
animal, always by the corneal route, for four, five and six passages over 
periods lasting from 125 to 199 days. His passages always led to de- 
structive ocular disease, and bacilli were always demonstrable in the 
tissues involved. However, it appears that none of his animals de- 
veloped progressive visceral tuberculosis. Tiedemann (24) likewise 
produced chronic, ulcerative keratitis, and, in one rabbit out of many, 
generalized tuberculosis. The recovered tubercle bacillus from this 
animal was highly virulent. Uhlenhuth (27) reported thirteen refer- 
ences in the literature in which occasional animals, mostly guinea pigs, 
developed progressive tuberculosis when inoculated with BCG. How- 
ever, in all of these instances the very large majority of the animals in the 
experiments that showed such occasional results suffered no ill effects from 
their inoculation. 

Ten years ago, several months before the beginning of the work to be 
reported in this paper, Baldwin laid out a very carefully planned passage 
experiment, the results of which he reported in 1932 in the Koch Memo- 
rial number of the Zeitschrift fiir Tuberkulose (1). He inoculated guinea 
pigs in pairs with large doses of strain RI and allowed the pairs to live 
for two or three or more years when one of two paired animals was killed 
and the tissues inoculated into another pair. The animals of the third 
transfer, seven years after the first inoculation, died of generalized 
tuberculosis that appeared to be of bovine origin and was considered a 
spontaneous infection. Collateral animals of the second transfer ena- 
bled him to continue the experiment, the later developments of which 
have just been published by Cummings (4) who has shown that each 
instance of increased virulence in the experiment has represented a 
spontaneous infection. This deduction is made in face of the fact that 
spontaneous tuberculosis among the animals in that laboratory in the 
past has been thought to be a very infrequent occurrence. Baldwin’s 
experiment allowed the animals to live practically their life-span after 
inoculation, and thus gave the inoculation a long time in which to be- 
come established,—a fact of importance when it is remembered that, 
on the rare occasions when this strain does produce progressive disease 
in guinea pigs, it does so only slowly and in animals that have been 
infected for months. 
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In August, 1922, a series of experiments was begun that are closely 
akin to those of Baldwin. They were planned in an effort to learn the 
effect of repeated animal passage on a strain of tubercle bacilli of low 
virulence. The important details of the plan and the technique of the 
experiment are outlined as follows: 

1: The general plan: At the beginning of the experiment a small 
group of normal guinea pigs was inoculated subcutaneously in the right 
groin with tubercle bacilli (RZ). After the lapse of several weeks these 
animals were tested with tuberculin and killed. Certain of the tissues 
were removed separately and aseptically, were ground and suspended in 
salt solution, and the suspensions were inoculated subcutaneously into 
normal guinea pigs. These animals were tested after a few weeks and a 
limited number of the reactors were killed and their tissues were removed 
and inoculated in turn into other normal animals. From this point on 
the general plan has been, at intervals of about 8 weeks, to inoculate 
suspensions of the tracheobronchial lymph nodes from each of three, 
four or five killed animals into as many recipients, and suspensions of 
the right superficial inguinal lymph nodes into another similar-sized 
group, and thus to continue passage of the infection from animal to 
animal. Occasionally the spleen, liver or lungs has been made into an 
inoculum. As a rule from 6 to 10 animals have been employed in each 
passage and the animals giving the most marked tuberculin reaction 
have been used for passage. The animals not thus used were kept from 
6 weeks to one year, but each was eventually examined at autopsy. 

2: Technique: After the tuberculin test, animals were selected for 
autopsy, an effort being made to choose animals that were more or less 
scattered throughout the group when this was possible. These were killed 
by a blow on the head. Their skin was shaved from chin to symphisis 
pubis, with the axillary and inguinal areas included; the shaved areas 
were then wet with 2 per cent phenol and carefully covered with cotton 
that had been soaked in this solution. This covering remained in place 
for 10 minutes, when the neck and thorax were exposed. With sterile 
forceps and scissors for each stage in the procedure, the skin was cut 
away from the neck and sternum, the sternum removed, the lungs and 
heart lifted out by the trachea, and the tracheobronchial lymph nodes 
carefully removed to a glass mortar containing sterile sand or squares 
of wire gauze. Again with fresh sets of sterile instruments, the skin 
of the right groin was incised, and the superficial inguinal lymph nodes 
(including a local abscess if present) were transferred to a similar mortar. 


EFFECT OF ANIMAL PASSAGE 889 


These tissues were ground in the mortars and were made into suspensions 
by the gradual addition of physiological salt solution until about 5 cc. was 
obtained. Each suspension was then filtered through 2 or 3 layers of 
gauze to remove gross particles of tissue and was then inoculated sub- 
cutaneously in the right groin of properly designated, normal guinea 
pigs. The viscera of the killed animals were then inspected and the 
autopsy results recorded. If there were evidence of gross disease in the 
spleen or other viscus, that structure was removed, emulsified and inocu- 
lated into animals or on to culture-tubes or both. The animals in this 
experiment were kept separate from the other animals in the quarters. 

In the second year of the experiment, the suspicion of a possible spon- 
taneous tuberculous infection in one of the animals arose. After this, 
every animal used was given a tuberculin test before it was inoculated 
with a suspension. In this connection it is interesting to note that of 
approximately 900 normal guinea pigs tested in this way none was 
found which gave even a suspicious reaction to tuberculin. 

3: Time relations: The period between inoculation and autopsy was 
varied somewhat but it has usually been about 8 weeks (57 passages). 
Two subsidiary series of animals were carried over a period of 5 years 
each. In one of these the period was 6 weeks each (35 passages) and 
in the other 12 weeks each (17 passages). 

4: The strain used: The culture RJ was used. This strain is well 
known in laboratories of this country and has been written of a good 
many times (Trudeau (26), Baldwin (1), Baldwin and Gardner (2), 
Krause (16) and others). A detailed life-history of this strain has been 
given recently by Gardner (7). For the present it may be stated merely 
that this culture, which was originally a virulent human strain, has for 
many years failed to produce progressive tuberculosis in guinea pigs 
except upon very rare occasions when an animal will develop very 
chronic, slowly advancing disease. Curiously enough, however, when 
such lesions are inoculated into other guinea pigs the Jatter remain 
healthy, and this would indicate that the occasional animal which suc- 
cumbs to this strain is in some unknown way oversusceptible and is thus 
the variable. The strain leads to moderate enlargement of the regional 
lymph nodes and often a small abscess at the site of inoculation, and also 
moderate enlargement of the tracheobronchial lymph nodes. Occa- 
sionally, also, there will be a small tubercle in the spleen or (more rarely) 
the liver, but no more; and, two years after the inoculation, the animals 
will be fat and healthy and will reveal little more than scarring of the 


| 
| 
| 
4 
j 
q 
3 


890 HENRY STUART WILLIS 


lymph nodes that are tributary to the site of inoculation, and slight 
tumefaction of the tracheobronchial lymph nodes, with microscopic 
tuberculosis in both structures. It will still react slightly to tuberculin. 

5: Use of cultures: Several times during the ten-year period the 
inoculated strain was re-isolated in culture, particularly for the sub- 
sequent study of virulence. Consequently, several cultures of varying 
ages exist. Isolation was usually made. directly by transplanting 
squeezed bits of diseased tissue on media. Occasionally, isolation re- 
quired emulsification of the tissue and treatment with either sodium 
hydroxide or hydrochloric acid before planting. The media used for 
isolation were chiefly Petroff’s and Petragagni’s. More will be said 
later of the several cultures. 

The isolation of the bacillus from the animals which showed no 
progressive disease has not been possible on several attempts during the 
last five years of the experiment. The animals develop enlargement of 
the regional lymph nodes and often an abscess at the site of inoculation. 
They always become sensitive to tuberculin after inoculation of the 
tissue suspension from the donor animal from the previous group. 
Therefore, it is clear that they are infected. This isolation has been 
tried at least eight times. Efforts to complete the task are still in 
progress.‘ 

EVIDENCE OF CHANGE IN VIRULENCE 


Thus the work has proceeded since 1922. In the experiment the 
strain R1 has lived in guinea-pig tissues for this period without the in- 
termediation of the culture-tube. On August 2, 1932, the 57th passage 
was completed and the 58th begun. Two subsidiary experiments were 
begun in 1924 and carried concurrently for 5 years. One of these was 


‘ Efforts at recovery of the microédrganism from the animals without progressive disease 
have been continued since the paper went to press. Altogether the tissues of 34 such animals 
have been searched thoroughly for tubercle bacilli by microscopic and cultural methods. 
These efforts revealed acid-fast rods in smears in six instances and in pure culture in three. 
In two of the latter, no bacilli were demonstrable in smears, and in five instances in which 
smears yielded tubercle bacilli microscopically, cultures failed entirely. It is of considerable 
interest to observe that, in the three instances in which culture was obtained, the results 
came from animals that had been inoculated for a relatively long time,—one for 10 months, 
one 8 months, and one 7 months. These were animals that had been held over at periods 
when their mates had been killed for the next passage. Why it has been possible to recover 
bacilli from animals that had carried their infection so long and not in a much larger number 
that had been infected for six or eight weeks is, at present, a matter for speculation only. 
Could it represent spontaneous tuberculosis? The cultures are now under study, but there 
is no evidence at present that they have the capacity to produce progressive disease. 
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carried through 35 passages (of 6 weeks each) and the other through 17 
passages (of 12 weeks each). Altogether this represents 110 passages 
(not all consecutive) and a total of just under 1,000 guinea pigs. Ex- 
clusive of 175 guinea pigs used to carry the strains that became virulent, 
there are about 800 animals that have been inoculated with RJ and its 
descendants. Of all these approximately 790 failed to develop progres- 
sive disease, and 11 showed manifest tuberculosis. Of these eleven, the 
tissue of eight failed to reproduce tuberculosis when they were inoculated 
into healthy guinea pigs, and the apparent increase in the virulence in 
these instances was put down to animal “susceptibility.” The remain- 
ing three reproduced progressive tuberculosis which could be easily 
carried from one animal series to another and which was always patho- 
genic. From such tissues, cultures were made several times during the 
subsequent eight years and were kept for the evaluation of their viru- 
lence from time to time. 

The first inoculation was made in August, 1922. Passages occurred 
regularly and uneventfully until February, 1924, when one of the animals 
killed was found to have two small tubercles in the spleen. This animal 
(7th passage) had been inoculated 50 days before with a suspension of 
the right superficial inguinal lymph node from an animal in the sixth- 
passage group, the latter having shown no sign of gross disease. Tissues 
from this seventh-passage animal aroused the development of extensive, 
progressive tuberculosis when inoculated into other animals. Since 
then, this virulent bacillus has been transferred from animal to animal 
and has been in animal tissues continuously throughout this 8-year 
period. Also, it was isolated and has been kept on culture for the eight 
intervening years. Detailed analysis of this strain on cultures and in 
animals is given in another section of this paper. 

On the eighth passage an animal from a line hitherto showing no vis- 
ceral tuberculosis revealed progressive disease when autopsied for tissue 
removal and passage. This animal had been inoculated 84 days earlier 
with a suspension of the tracheobronchial lymph nodes of an animal in 
the previous-passage group without visceral disease. This bacillus was 
isolated in pure culture. It produced death when put into animals. 
The strain was not continued in animals beyond two passages, both of 
which yielded extensive tuberculosis. The culture was kept for a few 
months and was then discontinued. 

Meantime, all the other animals used in passage up to this time, 85 
to 90 in number, had shown no visceral disease whatever, and these were 
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continued in passage quite separately from those used to carry the viru- 
lent strain. Except for a few questionable tubercles which appeared 
occasionally in the viscera and which will be considered a few paragraphs 
below, there was no other manifestation of visceral disease until 5 years 
and 4 months after the first inoculation when, on the 30th passage, an 
animal showed a few tubercles in the spleen. This, however, when 
inoculated into new animals, gave rise to no visceral disease. 

Again, one of the animals representing the 40th passage, 7 years and 
2 months after the first inoculation, showed numerous tubercles in the 
spleen and lungs in addition to the usual enlargement of the right super- 
ficial inguinal, right iliac and tracheobronchial lymph nodes. A strain 
was isolated in pure culture from this animal and has been continued 
since. It produces slight but definite visceral disease when inoculated 
in fairly large dosage. Yet animals to which this diseased spleen was 
carried in passage failed to develop visceral tuberculosis. 

On the 44th passage (7 years and 10 months) another animal showed 
numerous tubercles in the lungs, liver and spleen. These tissues failed 
to produce progressive tuberculosis in guinea pigs subsequently inocu- 
lated with them, and the culture failed. 

Finally, on the 56th passage, 9 years and 8 months after the beginning 
of the experiment, two animals (the pair from one animal in the 55th 
passage without gross disease) showed suspicious tubercles,—in several 
organs in one and definite tuberculosis of the lungs, spleen and lymphatic 
system in the other. Subsequent inoculation of these several tissues 
into guinea pigs did not produce progressive tuberculosis. A few other 
similar instances occurred in which subsequent inoculation always failed 
to produce progressive tuberculosis. The two subsidiary experiments 
each showed an occasional animal with moderate extension of disease 
beyond the usual limits of RI pathogenic capacity. Five times in these 
two five-year series, animals showed a few tubercles in the spleen, liver 
or lungs; but, each time, inoculation of these‘tissues led to the ordinary 
nonvisceral, nonpathogenic infection that has been characteristic through- 
out the experiment. 

In addition to this small number of animals just described, there 
occurred throughout the course of these experiments 10 instances in 
which some viscus contained a focus or a few foci that rather suggested 
tubercles but on which histological examination was not done. These 
failed to reproduce visceral disease when inoculated. 

Altogether, in 800 animals there were 11 instances of visceral (though 
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usually slight) tuberculosis which produced no more than R/ lymphatic 
disease upon further animal passage. There were three instances in 
which progressive disease was reproduced. These have been mentioned 
briefly in a previous report (29). 

It is interesting to examine a little further the strain that was respon- 
sible for the first instance of progressive disease in the experiment. It 
will be recalled that this strain was isolated in pure culture when viru- 
lence first appeared; that it was continued in animals by passage transfer 
for more than 8 years; that it was isolated on several occasions during the 
8-year period; that thus cultures of several ages were available; and that 
toward the end of the experiment the relative virulence of these cultures 
was determined. The four cultures were obviously cultures of the same 
strain. At the termination of the experiment, the first culture had been 
in animals two months after the appearance of virulence and in tubes 
8 years and 1 month; the second had been in animals 33 years after the 
appearance of virulence and 4% years in tubes; the third 6} years in 
animals and 1? years in tubes; and the fourth 7 years and 1 month in 
animals and only 4 months in culture. All of these cultures were de- 
scendants of the first virulent one. The other two virulent strains were 
not carried in animals very long and are not concerned in these compara- 
tive data. 

All of these cultures grew vigorously. On July 15, 1932, bacilli from 
each of these were carefully weighed and made into salt-solution sus- 
pensions of two dilutions; one containing 0.1 mgm. per cc. and one 0.01 
mgm. per cc. Suspensions of control cultures of known virulence were 
also prepared in the same strength. Each of these suspensions was 
inoculated into a group of 10 normal guinea pigs. The latter were 
examined at weekly intervals for the appearance and character of the 
disease at the site of inoculation in the groin. One-half of the animals 
of each group were killed six weeks after inoculation and the remainder 
at eight weeks. They presented evidence of extensive, widespread 
visceral tuberculosis in all lots. However, the two cultures which had 
been longest out of the animal body (nos. 1 and 2) caused definitely less 
disease than the others. This represents a diminution in virulence in 
these cultures. 

Typing of culture: Baldwin’s (1), and, later, Cummings’s (5) clear 
demonstrations of spontaneous tuberculosis in an occasional one of their 
animals by proving that the bacillus involved was of bovine type 
prompted the search for a similar contamination in the animals used 
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in this study. However, 1.0 mgm. of the culture (no. 1) produced no 
more than a very scattered, occasional tubercle six weeks after its 
intravenous inoculation into rabbits, while 0.01 mgm. of a known bovine 
strain (B44) invariably produces widespread disease and death of 
rabbits. 


DISCUSSION 


As things have worked out, this experiment has become two: (1) 
one in which a relatively nonvirulent strain of tubercle bacillus has been 
carried continuously in guinea pigs for 10 years, during which time it has 
been passed through animals 57 times; and (2) the other in which a 
virulent strain of tubercle bacillus has been carried continuously in 
guinea pigs for a little over 8 years and through 50 passages. In the 
main, what was nonvirulent remained nonvirulent and what was virulent 
remained virulent. The record of the observations has been stated. 
Three times during the 10-year period have animals, inoculated with 
nonvirulent bacilli or their descendants, developed progressive tubercu- 
losis which could be transmitted as such by inoculation of such diseased 
tissues or of cultures isolated from them. 

The question of “‘stray’’ or spontaneous infection naturally arises as a 
possible explanation of these three instances of virulence. Such pos- 
sibility exists, since these animals were housed in the same room (but 
not in the same compartment or cages) with other guinea pigs infected 
with tuberculosis. The sudden appearance of marked virulence and its 
appearance in so few animals suggests an occasional chance infection. 
If virulence were a new acquisition which came through continuous 
animal passage, it would likely have appeared more uniformly and in a 
larger number of animals. It may be contended that the appearance of 
progressive disease in only 3 of 800 inoculated animals favors sponta- 
neous infection because animal passage which is said to arouse virulence 
and send it to high levels should do so in a much more regular and con- 
stant way. 

Many careful workers have observed a marked tendency to fixity 
and constancy in R/ and in numerous other cultures that have become 
low in virulence through prolonged life on media. 

On the other hand, these three animals showed at autopsy the usual 
picture of socalled “inoculation tuberculosis,” that is, signs of tubercle 
at the site of inoculation and in the lymph nodes tributary to this region, 
associated with scattering infection in the spleen or other viscera. It 
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is possible that accidental infection may have been acquired and have 
been present in the spleen at the time of the inoculation, but it seems 
hardly likely that such a coincidence should have occurred and particu- 
larly unlikely that it should have occurred three times. 

There had been no preliminary tuberculin test on two of the animals 
that showed progressive disease, but this test was negative in the third, 
and the test was applied only two days before the animal was inoculated. 
This is strong presumptive evidence against spontaneous tuberculosis. 
The latter, if acquired after the skin test, must have been inaugurated 
by a considerable number of bacilli (unlikely in spontaneous infection) 
to have produced the amount of disease present in so short a time. 

The rarity, hitherto, of recognized spontaneous tuberculosis in the 
two laboratories in which this experiment has been carried out has been 
conspicuous.’ In the history of these two laboratories there have been 
two instances of presumable spontaneous tuberculosis in animals. Also, 
in this experiment possibly 900 of the 1,000 guinea pigs used were tested 
with tuberculin and were found to be negative. If spontaneous tuber- 
culosis were not the rarest of occurrences, it might well have been found a 
time or two by these tests. Furthermore, the first signs of progressive 
tuberculosis in each of these 3 instances were very similar to those 
which occurred eleven times in the experiment but which was not trans- 
missible to other guinea pigs as progressive disease. 

Whether spontaneous tuberculosis accounts for these three instances 
of progressive disease cannot be stated with certainty. From all points 
of view this seems rather the more likely explanation. Recent reports 
have pointed to the possibility or even the probability of frequent chance 
infection in laboratory animals (19) (18) (5). 

The appearance of an occasional animal with manifest tuberculosis 
that was transmissible, not as progressive disease, but as R1 disease 
only, has been noted by several workers who have had wide experience 
with this strain (Baldwin and Gardner (2), Krause (15) and others). 
Such observations and the sporadic distribution of the 11 animals in 
this experiment suggest individual susceptibility on the part of the 
animals. “Individual susceptibility” is an unscientific proposition 
upon which to lean very heavily, but its use may be permitted until 
more is learned about the mechanism of defense against this microér- 

5 The Kenneth Dows Tuberculosis Research Fund of the Johns Hopkins University and 


Hospital and the Pathological Laboratory, Wm. H. Maybury Sanatorium (Detroit Municipal 
Tuberculosis Sanatorium). 
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ganism. Susceptibility may depend upon many factors. It has been 
demonstrated that this property may be induced. For instance, Gard- 
ner (6) has shown that animals may be made regularly susceptible to 
this strain by the inhalation of quartz dust. 

The effect of eight years’ passage of a virulent strain through animals 
is worth passing comment because most of the work so far reported on 
virulence has been done upon strains with weakened virulence. Weighed 
amounts of this virulent culture at its first isolation produced rather less 
disease than at its last isolation after eight years of continuous life in 
animals. It is difficult to measure virulence when it is high. How 
may shades of virulence be determined in a strain which kills all 
animals regularly and fairly rapidly? In this experiment the specimens 
for inoculation were weighed with the greatest accuracy possible after 
they had been selected from tubes without excess moisture. They were | 
brought into suspension slowly and carefully so as to avoid agglutination 
or other irregularities which would lead to unequal dosage. The re- 
cipient animals were tuberculin-tested before they were inoculated and 
were examined at weekly intervals after inoculation for the development 
of lymph-node enlargement at the site. All were inoculated on the same 
day. One half of those in each lot were killed 6 weeks after inoculation 
and the lesions compared. The other half were killed at 8 weeks. It 
was on the basis of such comparison that the decision of change or no 
change in virulence was made. It has also been clear that prolonged 
life on culture has led to definite losses of virulence and that a life of 8 
years in the animal body through 50 passages produced a slight increase 
in virulence. 

Whether BCG would remain relatively nonvirulent after prolonged 
passage through or prolonged life in animal tissues is still unproved. 
If comparison between two strains of low virulence such as BCG and 
R1 is allowable, it may be supposed that the former is relatively 
innocuous. 


CONCLUSIONS 


1. An account is given of the passage of a tubercle bacillus (R1) of low 
virulence through guinea pigs for a period of 10 years. This required 57 
passages. 

2. During this prolonged period progressive disease appeared three 
times, and in 3 of about 900 animals used. 

3. Whether these were instances of extraneous, contaminating tuber- 
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culosis cannot be determined. That such may be true is possible if not 
probable. 

4. But for these three exceptions, passage has appeared to have no 
effect on the virulence of the strain used. 

5. A strain of virulent tubercle bacillus has been carried in animals for 
more than 8 years through 50 passages with evidence of a slight increase 
of virulence. This strain, when carried on media during this 8-year 
period, lost considerably in virulence but is still fully capable, in small 
doses, of leading to the death of guinea pigs. 

6. It appears that the prolonged stay of a weakly virulent tubercle 
bacillus in animal tissues does not affect the virulence as a rule. 


I desire to thank Dr. E. R. Baldwin for suggestions as to the bibliography, and Dr. Ed- 
ward Kupka and Miss Lucia Ellwart for aid in certain parts of the translations, and Mrs. Marie 
Voldrich and Albert Lutz for very valuable assistance in the prosecution of this work. 
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TUBERCULOSIS STUDIES IN TENNESSEE 
A Community Study of the Prevalence of Tuberculosis in the Negro 


JAMES A. CRABTREE, WILLIAM D. HICKERSON anp VIRGINIA POPE 
HICKERSON 


INTRODUCTION 


The Tennessee Department of Public Health has been engaged, since 
1928, in a study of tuberculosis within the State. The study to date 
includes (1) analysis of State-wide mortality statistics to show the dis- 
tribution of mortality in the different localities of the State and with 
respect to race, sex and age (Sibley, 1930); (2) a study of records of cases 
of the disease brought to the attention of the Department through the 
State diagnostic clinics; and (3) intensive local studies in selected areas, 
carried out by a special study unit and supported in part by a grant from 
the Julius Rosenwald Fund. 

The first area selected for special study was Gibson County, a rural 
county in western Tennessee, which is fairly representative of a large 
part of the State. The field work begun here August 1, 1929, was con- 
tinued until July, 1930, when it was transferred to Sullivan County, 
especially Kingsport, which is more highly industrialized, and is repre- 
sentative of a section of the State which is in considerable contrast to that 
represented by Gibson County. Work was continued there through 
July, 1931. 

Records from the Gibson County study furnished material for theses 
submitted in 1931 to the Advisory Board of the Johns Hopkins Univer- 
sity School of Hygiene and Public Health by Dr. H. C. Stewart and 
Dr. A. R. Foley, in fulfilment of requirements for the degree of Doctor 
of Public Health. Records from the Sullivan County study furnish 
material for the present report which, however, is limited chiefly to data 
concerning the Negro population of the city of Kingsport. The study 


1 Tennessee Department of Public Health, Nashville, Tennessee. This investigation was 
made possible by a grant by the Julius Rosenwald Fund to the Tennessee Department of 
Public Health. Special acknowledgement is also made of the generous assistance and advice 
of Dr. W. H. Frost of the Johns Hopkins University School of Hygiene and Public Health, 
not only in the development of the field investigation, but also in the analysis of the data 
collected. 
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unit consisted of Dr. J. C. Ellington and Dr. M. J. Bent, epidemiologists 
who were responsible for the field investigations; Dr. W. D. Hickerson 
and Dr. Virginia Pope Hickerson, clinicians who carried out the clinical 
examinations; and Miss Grace Frances Borah, nurse, who assisted in 
both field and clinic work. To each of these persons acknowledgment 
is made for the very complete data collected. 


THE TUBERCULOSIS PROBLEM IN TENNESSEE 


In Tennessee, as in most States of the country, tuberculosis is one of 
the major public-health problems. However, the problem of control 
may be considered more acute in Tennessee than in most States, because, 
with the exception of the health-resort States, Arizona, California and 
Colorado, Tennessee suffers, both in the white and colored races, higher 
rates of mortality from tuberculosis than any other State in the U. S. 
Registration Area, and because, up to the present, no general provision 
has been made in the State for hospital treatment of the disease. 

The epidemiology of the disease as manifested in Tennessee is also 
peculiar in that the sex and age distribution of mortality in the white 
population is quite unusual. At practically every age, the mortality 
rate in white females is higher than in males, reversing the usual sex ratio; 
and there is a remarkable concentration of mortality in the older ages, 
especially in females who, after age 30, suffer rapidly increasing rates 
with increasing age to approximately 400 per 100,000 at ages 60 years 
and over. It is, in fact, the old-age mortality which causes the total 
rate in Tennessee to be so high. The peculiar age selection of mortality, 
together with a high prevalence of fibroid tuberculosis, suggests an un- 
usual tendency to chronic infection. 

In Negroes, the mortality, although excessive, exhibits the more usual 
age and sex selection, and the ratio to mortality in whites is about 2.5 to 
1, which is essentially the same as in the U. S. Registration Area. 


SCOPE OF STUDY IN SULLIVAN COUNTY 


The study in Sullivan County has included: 


(1) the collection and analysis of records of deaths from tuberculosis, occurring 
in the county during the period 1917-1930; 

(2) a detailed study of 314 white and 132 Negro families, residing in and near 
Kingsport; 

(3) tuberculin testing of a large proportion of the school population of Kings- 
port; 

(4) a sanitary survey of Kingsport; and 
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(5) a survey of the industries of Kingsport with reference to industrial hazards 
especially in relation to tuberculosis.” 


I. MORTALITY FROM TUBERCULOSIS IN SULLIVAN COUNTY, TENNESSEE 
General Description of the County 


Sullivan County was chosen as the second area for intensive study due 
to its contrast with Gibson County in topography, industry and type and 
racial distribution of population. The county, comprising an area of 436 
square miles, is in the western foothills of the Blue Ridge Mountains, 
located in the extreme northeastern section of the State and extending on 
the north to the Virginia State border. 

In the rural part of the county, the country is generally hilly or 
mountainous, and agriculture is practically the only industry. The 
mountainous sections are poor, and the mountain people comprise the 
typical small farmer of the Appalachians with whom agriculture is 
developed on a very limited scale. However, a fairly large part of the 
county, which is less mountainous, is a more prosperous region, its valleys 
being quite fertile and well adapted for agriculture. The chief farm 
products are wheat, corn, tobacco and live-stock. 

The population is predominantly white, and is almost entirely native- 


born (152 foreign-born according to 1930 Census), descendant from 
settlers who came originally from Virginia and North Carolina. Census 
reports of 1910, 1920 and 1930 were as follows: 


Colored Total 

1,531 28 ,114 
1,691 36,259 
1,799 51,087 


Within the past 15 years, the county has undergone very rapid indus- 
trial development, which has centered at Kingsport and to a lesser extent 
at Bristol, the only other incorporated town. 

Bristol is in the northeastern section of the county, about one-half of its 
limits in Virginia and the rest in Tennessee. It is essentially a trade- 
centre with a few fairly large industries. Its growth has been fairly 
rapid since 1920 as indicated by Census reports of the population. 


Bristol, Bristol, 
Tennessee Virginia Total 


6,247 13,395 
6,729 14,776 
8,840 20,845 


2 This survey was made by P. A. Surgeon A. E. Russell of the U. S. Public Health Service. 
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Kingsport is in the northwestern section of the county, its corporate 
limits extending to within three miles of the Virginia border. It has had 
rather phenomenal growth during its short history. Incorporated as a 
town of about 1,000 people in 1917, it had a population in 1920 of 5,692, 
and in 1930 this had increased to 11,914, of whom 11,318 were white and 
596 colored. It is estimated that an additional 3,000 reside immediately 
outside the corporate limits. This rapid growth is due to industrial 
developments, resulting in a very large influx of factory-workers (almost 
exclusively whites), drawn into the city from the hills and mountains of 
adjacent counties in Tennessee and Virginia. The industries include 
printing and binding; cotton, hosiery and rayon mills; manufacture of 
paper, printing and binding materials, silk, glass, brick, cement, chemi- 
cals and industrial machinery. They are on a large scale and employ 
over 80 per cent of the adult white population (both male and female). 
A few Negroes are employed in the industries, but principally as outside 
helpers. The majority of the Negroes are employed as janitors, waiters, 
porters, or in domestic service. The economic status of the Negro in 
Kingsport is higher than that of the average Negro in the South. 

Since 1927 the county has had a well-organized and efficient County 
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TABLE 1 


Population, deaths and death-rates from tuberculosis in Sullivan County for the two-year period, 
1917-1918, and for three-year periods, 1919-1930 


WHITE COLORED 
YEARS Mean annual M } 
M Total deaths M Total deaths | £4" annua 
1917-1918 32,572 85 130 1,651 10 300 
1919-1921 34,759 105 100 1 ,690 11 217 
1922-1924 38 ,984 99 84 1,723 9 178 
1925-1927 43 ,400 106 81 1,755 9 170 
1928-1930 47 ,816 103 72 1,788 9 167 
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ent (10.5 per cent), two of three far-advanced “A” (66.7 per cent), and 
17 of 39 far-advanced “‘B” (43.5 per cent). 

The duration of the disease does not seem to be as important as the 
presence of an unknown “reactability” in the patient. The ability to 
“react” on the part of the cells around the tubercle, leading to better 
encapsulation, seems to be the secret of successful recovery rather than 
any direct action on the tubercle bacilli. This direct action is practi- 
cally nil, as shown by experimental work and by the fact that patients 
without resistance in overwhelming infections, in which there is ample 
opportunity to destroy the tubercle bacilli, are not improved in the least. 


CONCLUSIONS 


1. About 50 per cent of tuberculous patients having a stationary or 
downward progressive advanced tuberculosis of the “B”’ or ‘“‘C”’ types, 
when given Sanocrysin in well-regulated doses, will show (1) a rather 
prompt cessation of symptoms (drop of temperature and pulse, increase 
of weight, and improvement of general condition), which changes tend 
to be permanent if the patient observes the usual measures of hygiene; 
(2) a clearing of tuberculous infiltration, with marked fibrosis and 
contraction of cavities, as shown by roentgenograms; and (3) changes 
from unfavorable to favorable laboratory findings. 

2. The remainder of the treated patients may be divided about 
equally into three classes: those who show a temporary improvement 
for a few weeks to a few months; those who show no favorable change; 
and those who will not tolerate the drug at all. 

3. By all the methods of control available and carefully analyzed 
figures, we can conclude that there is a shortening of the convalescent 
period or prolongation of life or both in the treated patients of group 1. 

4. There seems to be a real indication for the drug’s use as a supportive 
treatment in collapse therapy when patients are not doing well, and 
when there is a beginning spread to the other side, or when there is need 
to clear up a slight involvement of one side in preparation for collapse 
therapy on the other. 

5. Sanocrysin may be used to speed the convalescence of patients with 
favorable prognosis, but this is usually unnecessary. 

6. The drug may be added to the armamentarium of the tuberculosis 
specialist for use when other measures are unavailable, as well as for 
other “reacting” types when the skill of the physician is able to direct a 
successful course. 


i 
4 
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7. More experiment is warranted, so that indications, contraindica- 
tions, and more favorable types may be better established, in all ages, 
stages, complications, types of the disease, and in both sexes. 
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TUBERCULOSIS STUDIES IN TENNESSEE 


A Community Study of the Prevalence of Tuberculosis in the Negro‘ 


JAMES A. CRABTREE, WILLIAM D. HICKERSON anp VIRGINIA POPE 
HICKERSON 


INTRODUCTION 


The Tennessee Department of Public Health has been engaged, since 
1928, in a study of tuberculosis within the State. The study to date 
includes (1) analysis of State-wide mortality statistics to show the dis- 
tribution of mortality in the different localities of the State and with 
respect to race, sex and age (Sibley, 1930); (2) a study of records of cases 
of the disease brought to the attention of the Department through the 
State diagnostic clinics; and (3) intensive local studies in selected areas, 
carried out by a special study unit and supported in part by a grant from 
the Julius Rosenwald Fund. 

The first area selected for special study was Gibson County, a rural 
county in western Tennessee, which is fairly representative of a large 
part of the State. The field work begun here August 1, 1929, was con- 
tinued until July, 1930, when it was transferred to Sullivan County, 
especially Kingsport, which is more highly industrialized, and is repre- 
sentative of a section of the State which is in considerable contrast to that 
represented by Gibson County. Work was continued there through 
July, 1931. 

Records from the Gibson County study furnished material for theses 
submitted in 1931 to the Advisory Board of the Johns Hopkins Univer- 
sity School of Hygiene and Public Health by Dr. H. C. Stewart and 
Dr. A. R. Foley, in fulfilment of requirements for the degree of Doctor 
of Public Health. Records from the Sullivan County study furnish 
material for the present report which, however, is limited chiefly to data 
concerning the Negro population of the city of Kingsport. The study 


‘Tennessee Department of Public Health, Nashville, Tennessee. This investigation was 
made possible by a grant by the Julius Rosenwald Fund to the Tennessee Department of 
Public Health. Special acknowledgement is also made of the generous assistance and advice 
of Dr. W. H. Frost of the Johns Hopkins University School of Hygiene and Public Health, 
not only in the development of the field investigation, but also in the analysis of the data 
collected. 
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unit consisted of Dr. J. C. Ellington and Dr. M. J. Bent, epidemiologists 
who were responsible for the field investigations; Dr. W. D. Hickersoy 
and Dr. Virginia Pope Hickerson, clinicians who carried out the clinical 
examinations; and Miss Grace Frances Borah, nurse, who assisted ip 
both field and clinic work. To each of these persons acknowledgment 
is made for the very complete data collected. 


THE TUBERCULOSIS PROBLEM IN TENNESSEE 


In Tennessee, as in most States of the country, tuberculosis is one of 
the major public-health problems. However, the problem of control 
may be considered more acute in Tennessee than in most States, because, 
with the exception of the health-resort States, Arizona, California and 
Colorado, Tennessee suffers, both in the white and colored races, higher 
rates of mortality from tuberculosis than any other State in the U. S. 
Registration Area, and because, up to the present, no general provision 
has been made in the State for hospital treatment of the disease. 

The epidemiology of the disease as manifested in Tennessee is also 
peculiar in that the sex and age distribution of mortality in the white 
population is quite unusual. At practically every age, the mortality 
rate in white females is higher than in males, reversing the usual sex ratio; 
and there is a remarkable concentration of mortality in the older ages, 
especially in females who, after age 30, suffer rapidly increasing rates 
with increasing age to approximately 400 per 100,000 at ages 60 years 
and over. It is, in fact, the old-age mortality which causes the total 
rate in Tennessee to be so high. The peculiar age selection of mortality, 
together with a high prevalence of fibroid tuberculosis, suggests an un- 
usual tendency to chronic infection. 

In Negroes, the mortality, although excessive, exhibits the more usual 
age and sex selection, and the ratio to mortality in whites is about 2.5 to 
1, which is essentially the same as in the U. S. Registration Area. 


SCOPE OF STUDY IN SULLIVAN COUNTY 


The study in Sullivan County has included: 


(1) the collection and analysis of records of deaths from tuberculosis, occurring 
in the county during the period 1917-1930; 

(2) a detailed study of 314 white and 132 Negro families, residing in and near 
Kingsport; 

(3) tuberculin testing of a large proportion of the school population of Kings- 
port; 

(4) a sanitary survey of Kingsport; and 
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(5) a survey of the industries of Kingsport with reference to industrial hazards 
especially in relation to tuberculosis.” 


I. MORTALITY FROM TUBERCULOSIS IN SULLIVAN COUNTY, TENNESSEE 
General Description of the County 


Sullivan County was chosen as the second area for intensive study due 
to its contrast with Gibson County in topography, industry and type and 
racial distribution of population. The county, comprising an area of 436 
square miles, is in the western foothills of the Blue Ridge Mountains, 
located in the extreme northeastern section of the State and extending on 
the north to the Virginia State border. 

In the rural part of the county, the country is generally hilly or 
mountainous, and agriculture is practically the only industry. The 
mountainous sections are poor, and the mountain people comprise the 
typical small farmer of the Appalachians with whom agriculture is 
developed on a very limited scale. However, a fairly large part of the 
county, which is less mountainous, is a more prosperous region, its valleys 
being quite fertile and well adapted for agriculture. The chief farm 
products are wheat, corn, tobacco and live-stock. 

The population is predominantly white, and is almost entirely native- 
born (152 foreign-born according to 1930 Census), descendant from 
settlers who came originally from Virginia and North Carolina. Census 
reports of 1910, 1920 and 1930 were as follows: 


White Colored Total 


Within the past 15 years, the county has undergone very rapid indus- 
trial development, which has centered at Kingsport and to a lesser extent 
at Bristol, the only other incorporated town. 

Bristol is in the northeastern section of the county, about one-half of its 
limits in Virginia and the rest in Tennessee. It is essentially a trade- 
centre with a few fairly large industries. Its growth has been fairly 
rapid since 1920 as indicated by Census reports of the population. 


Bristol, Bristol, 
Tennessee Virginia Total 


* This survey was made by P. A. Surgeon A. E. Russell of the U. S. Public Health Service. 


‘ 


4 CRABTREE, HICKERSON AND HICKERSON 


Kingsport is in the northwestern section of the county, its corporate 
limits extending to within three miles of the Virginia border. It has had 
rather phenomenal growth during its short history. Incorporated as a 
town of about 1,000 people in 1917, it had a population in 1920 of 5,692, 
and in 1930 this had increased to 11,914, of whom 11,318 were white and 
596 colored. It is estimated that an additional 3,000 reside immediately 
outside the corporate limits. This rapid growth is due to industrial 
developments, resulting in a very large influx of factory-workers (almost 
exclusively whites), drawn into the city from the hills and mountains of 
adjacent counties in Tennessee and Virginia. The industries include 
printing and binding; cotton, hosiery and rayon mills; manufacture of 
paper, printing and binding materials, silk, glass, brick, cement, chemi- 
cals and industrial machinery. They are on a large scale and employ 
over 80 per cent of the adult white population (both male and female). 
A few Negroes are employed in the industries, but principally as outside 
helpers. The majority of the Negroes are employed as janitors, waiters, 
porters, or in domestic service. The economic status of the Negro in 
Kingsport is higher than that of the average Negro in the South. 

Since 1927 the county has had a well-organized and efficient County 
Health Department and the local physicians are sympathetic in matters 
of public-health interest. Although both Kingsport and Bristol provide 
reasonably adequate general hospital service, there are no tuberculosis 
sanatorium facilities within the county. 


Tuberculosis Mortality, 1917-1930 


Records of deaths from tuberculosis, reported in Sullivan County 
from 1917 to 1930, have been assembled and, together with population 
estimates for the county, are presented in detail in appendix tables I and 
II. 

Annual mortality rates are not entirely reliable due, first, to the small 
numbers involved, and, second, to the uncertainty of the intercensal 
population estimates (arithmetic method) in a community growing so 
rapidly and probably at irregular rates. In order to avoid too small 
numbers, mean annual death-rates have been computed for the two-year 
period 1917-1918 and for successive three-year periods thereafter. These 
are presented in table 1 and figure 1. 
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TABLE 1 


Population, deaths and death-rates from tuberculosis in Sullivan County for the two-year period, 
1917-1918, and for three-year periods, 1919-1930 


WHITE COLORED 
YEARS Mean annual Mean annual 
Me Total deaths : M Total death: * 
population period | feathirate | population | during period | deatherate 
1917-1918 | 32,572 | 85 130 1,651 10 300 
1919-1921 34,759 | 105 100 1,690 11 217 
1922-1924 | 38,984 | 99 84 1,723 9 178 
1925-1927 | 43,400 | 106 81 1,755 9 170 
1928-1930 | 47,816 | 103 72 1,788 9 167 
1000 
500F 
° fe) 
S 200F Colored 7 
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100 
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1919°21 192224 1925-27 1928-30 
YEAR 
Fic. 1. Mean ANNUAL DEaATH-RATES FROM TUBERCULOSIS (ALL Forms PER 100,000) 
SULLIVAN CouNTY, FOR Two-yEAR PERIop 1917-1918 AND FoR 
THREE-YEAR PERIODS 1919-1930 


Since 1919 there has been no decline in number of deaths, the decline 
in death-rates being due entirely to the increase in population, which is 
not recorded annually but can only be estimated for intercensal years. 
However, for the three-year periods 1919-1921 and 1928-1930, which 
are close to the dates of census enumerations, the population estimates 
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may be taken as reasonably exact; and for these two periods the rates 
are fairly reliable. In the intervening periods, rates are quite consistent 
and thus it may be assumed that mortality has declined during the entire 
period and, moreover, the decline has been fairly consistent. The rate of 
decline in whites is practically the same as that in the colored. The 
ratio of colored to white mortality is similar to that in the State as a whole, 


namely, about 2.5 to 1. 
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Fic. 4. MEAN ANNUAL DEATH-RATE FROM TUBERCULOSIS, BY AGE, IN SULLIVAN COUNTY 
FOR SEVEN-YEAR 1924-1930 


Mortality by Sex and Age 


Because of the small population, death-rates, specific for sex and age, 
have been computed only for two seven-year periods (1917-1923 and 
1924-1930) and only for the white population. For these two periods, 
the numbers of deaths and mean annual death-rates by sex and age in 
the white population are presented in table 2. Data in table 2, with 
respect to whites, together with corresponding data for the U. S. Registra- 
tion Area, are shown in figures 2 and 3. 
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The table and graphs show that 


(1) up to age 25 the death-rate is not excessive in either sex; 

(2) in males the rate continues up to age 40-50 on a parity with that of the 
U. S. Registration Area but thereafter it exceeds the latter by 2 or 3 times; 

(3) in females, from about age 20-25, the rate begins to depart widely from that 
of the Registration Area, increasing progressively with advancing age to over 
300 per 100,000 at ages 65 and over; 

(4) at every age the rate in females is higher than in males. This is shown 
graphically in figure 4. There is a very marked excess in the mortality of 
females in early and middle adult life. Though similar differences are noted 
for the State as a whole, they are not as exaggerated as in Sullivan County. 


TABLE 2 


Mortality from tuberculosis (all forms) by sex and age in the white population of Sullivan County, 
Tennessee, during two seven-year periods, 1917-1923, and 1924-1930 


| 1917-1923 1924-1930 
Mean annual | Deaths | Mean 
Meat Deaths frc M annual 
| Mate | Female [Mate Fe | Male | F& | Male Male | Fe 
0-4 | 2,097; 2,033} 6| 7 4i 49 2,660) 2,612} 3 4, 16] 22 
5-9 | 2,255] 2,138! 4 0 27 | — | 2,861) 2,748) 1 2} 5 10 
10-14 | 1,921! 1,840} 1] 1 7 8 | 2,436] 2,365; O 5} — 30 
15-19 | 1,885) 1,928} 4] i2 30 89 | 2,391] 2,477) 8 12} 48 | 69 
20-24 | 1,762} 1,973) 6 16 | 49 | 117 | 2,235) 2,522) 8 21) 51; 119 
25-29 1,357} 1,507 23 | 148 | 218 | 1,721) 1,937] 6 15; 50 110 
30-44 | 3,119) 3,154) 22 42 | 101 | 190 | 3,956 4,054) 22 37; 79 | 131 
45-64 2,555} 2,317) 2 28 | 157 | 173 | 3,241} 2,973) 30 36} 132 | 173 
65+ | 617 613) 11 24 | 256 | 558 782 788) 17 19} 311 | 342 
All ages..... 17,568 17 ,503| 96 | 153 78 | 125 22 ,283/22 ,476 95 15i} 61 | 96 


In brief, the distinctive features of the mortality in Sullivan County 
are the high mortality in old age and the excess of female over male 
death-rates. 

The colored population in the county is so small that death-rates 
have been computed only for the entire 14-year period, 1917-1930, and 
in broad age-groups. The results, as presented in the following table, 
will serve to indicate in a general way the age-selection of mortality in 
Negroes. 
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ni) : | MEAN COLORED DEATHS FROM TUBERCU- | MEAN ANNUAL DEATH-RATE 

AGE POPULATION LOsIS 1917-1930 PER 100,000 
0-9 314 4 91 
10-19 391 7 130 
20-29 310 12 | 280 
3044 393 12 218 
45+ 324 14 308 
Petre 1,732 49 202 


The mortality in Sullivan County is similar to that in the State as a 
whole and in the U. S. Registration Area, in that the rate reaches a peak 
in early adult life. It differs, however, from that in the Registration 
Area in that a second and higher peak is reached in old age. 

It is thus noted that in Sullivan County, as in Tennessee generally, 
tuberculosis mortality tends to be unusually concentrated in late middle 
life and old age, especially in white females, to a lesser extent in white 


males and to a certain extent in Negroes. 


II, A STUDY OF TUBERCULOSIS IN THE NEGRO POPULATION OF KINGSPORT, 
TENNESSEE 


Purpose and Scope of Siudy 

The intensive local studies carried out in Gibson County and on the 
white population of Sullivan County centered upon individuals previously 
known to be suffering from tuberculosis or to have died from that disease, 
and extended to their immediate family associates. With respect to the 
Negroes in Kingsport, their limited number, together with their excellent 
codperation, led to the attempt to include the entire population in the 
study; and to this end a systematic canvass of the entire Negro popula- 
tion was made, utilizing the services of the local health department, 
physicians, industrial nurses, teachers, and other interested persons. 
The result was that of the 596 Negroes enumerated in the 1930 Census as 
residing in Kingsport, 556 were included in the study, only 3 families 
known to reside in the city at the time of investigation having been 


omitted. 
Each family, constituting a unit of stud¥, was investigated with a view 


to ascertaining 


(1) the prevalence of 
(a) clinical tuberculosis (past and present); and 
(b) tuberculous infection, as determined by inquiry, tuberculin tests and 


physical (including X-ray) examination; 
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(2) certain facts concerning the cases of tuberculosis themselves, particularly 
as regards date and manner of onset, type and duration of disease, and cir. 
cumstances related to its development. 


The study of each family began with a visit to the home by an eji- 
demiologist, whose first purpose was to obtain a complete roster of the 
household, including both present and former members, and to determine 
the date of establishment of the household. For all present members of 
the household, record was made as to the age at which each person entered 
and age at the time of investigation. For former members, the record 
included age on entrance and age at which each person died or was other- 
wise dropped from observation. This was followed by an attempt to 
ascertain the status of each individual (both present and former members) 
as regards environmental, occupational and economic circumstances; 
particulars of household association with cases of tuberculosis; history 
of tuberculosis in parents; and other circumstances likely to be related 
to the development of tuberculosis. In many instances, it was necessary 
to make repeated visits to the home, and also to visit the homes of 
relatives or others in order to complete the schedule of information or to 
verify certain items. 

At the time of the home visit, tuberculin tests were performed and 
arrangements made for physical and X-ray examinations. For the 
latter purpose, all members of the household, in so far as possible, were 
brought into the clinic, where the examination included a clinical history 
and a general survey of the individual, followed by a thorough physical 
and roentgenological examination of the chest. Due to limited labora- 
tory facilities, only a few sputum examinations were made. 

The schedule with respect to each of the 132 families includes: 


(1) a roster of all present members of the household, stating, for each person, 
age on entering the household and age at date of record; 

(2) a record of general conditions of environment of the household as a unit; 
(3) an individual record of each person residing in the household, including 
data as to occupation, history of past illness, history of tuberculosis in parents 
and of all known household contact with cases of this disease; results of tuber- 
culin tests; clinical history of present illness (if any), and record of findings on 
physical and roentgenological examination ;* 

(4) for individuals giving history of illness considered probably due to tuber- 
culosis, a narrative summary was added, giving pertinent data as to time and 
manner of onset, resultant disability, hygienic management, etc. ; 

(5) a record of each person who formerly lived in the household, but at the time 


X-ray examinations were limited to taking one or more flat films and their interpretation 
by clinicians experienced in the diagnosis of tuberculosis. 
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of investigation was either living elsewhere or dead, stating age at which 
entered household, age on removal, status on removal (whether living or dead) 
and, if dead, cause of death. 

Altogether, the records include 794 persons, classified as follows with 
respect to status and completeness of examination: 


Present members: 


examined and tuberculin 525 
examined but not tuberculin tested........................0005- 25 
not examined, not tuberculin tested........................0... 6 556 


Former members (not present at date of record): 


died in household, from tuberculosis..................000e00- 25 

died in household, from other causes......................-. 65 

died since leaving household, from tuberculosis............... 2 

died since leaving household, from other causes............... 4 96 238 


794 
Age and Sex Distribution of the Population 

The distribution, by sex and age, of the 556 persons present in the 132 
households at the time of examination is shown in table 3, which shows 
also, for comparison, the age distribution, in 1930, of the Negro popula- 
tion of the State. 

Compared with the Negro population of the State, the Kingsport 
group shows a larger proportion at ages under 20, and in the age-group 
20-39, with relatively fewer people in the older age-groups. This type 
of distribution is not unusual for communities which have had recent 


rapid growth. 
TABLE 3 
Age and sex distribution of 556 Negroes in Kingsport, 1930, and age distribution of the Negro 
population of Tennessee, 1930 


| NUMBER OF PERSONS ~~ PERCENTAGE DIS- 

| 

Male Female Total TENNESSEE, 1930* 

om: — 
04 24 37 61 11.0 9.3 
5-9 31 31 62 11.2 10.5 
10-14 | 36 22 58 10.4 10.1 
15-19 | 27 47 74 13.3 10.9 
20-24 | 30 29 59 10.6 10.3 
25-29 | 16 25 41 7.4 8.9 
30-39 | 57 56 113 20.3 15.2 
40-49 21 25 | 46 | 8.3 11.3 
50-59 | 20 8 28 5.0 7.6 
60+ 10 | 4 | 14 | 2.5 5.8 
Total......| 272 | 284 | 556 | 100.0 — 


* From U. S. Census Reports, 1930. 


\ 
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The sex distribution in the Kingsport families is not unusual except at 
ages 15-19, when the excess of females is rather striking. In explanation 
of this excess, analysis of the schedules shows that, of the 47 females 
aged 15-19, 23 were children and 7 were wives of the heads of the house- 
holds. Of the remaining 17, in relation to the heads of the households, 2 
were daughters-in-law, and 15 were sisters, sisters-in-law, and other 
relatives. Thus, the excess of females is explained by the large number 
of outsiders, who have been in the households for a relatively short time. 


The Prevalence of Tuberculosis in the Population Examined 


It has already been stated that the 556 persons included in this study 
(of whom 550 were examined in the clinic) constituted nearly the entire 
Negro population of Kingsport, the only known omissions being 3 fami- 
lies which declined to codperate because of indifference and one other for 
which the records were incomplete. Hence, the records have unusual 
significance in that they refer not to a selected group, but to an entirely 
unselected sample comprising substantially the entire Negro population 
of the community. Moreover, the examinations were unusually com- 
plete, including, in almost every instance, careful inquiry into past 
history, tuberculin test, physical examination, and one or more X-ray 
photographs of the chest. Thus, data are at hand to show, for the entire 
Negro population, the prevalence not only of clinical tuberculosis as 
ordinarily recognizable, but also of less obvious tuberculous infection, as 
shown by X-ray examination or indicated by reaction to tuberculin.! 

The evidence available for the diagnosis of tuberculosis in the persons 
examined includes (1) clinical history obtained from the individual, 
supported at times by physicians’ records; (2) physical signs of the 
disease found by examination of the chest; and (3) the demonstration on 
X-ray plates of shadows interpreted as destructive or proliferative 
tuberculous lesions, with (4) bacteriological examination of the sputum 
in a few instances. Usually, when a diagnosis of tuberculosis has been 
made, it is based on more than one of these items of evidence, and in 
every instance the diagnosis has been confirmed by two or more clinicians. 

For purposes of grouping the 556 persons according to the results of the 
clinic examinations, the following classification, which has been described 
in detail by Opie (1933), was employed: 


* The total data collected in the study have permitted other analyses than are here re- 
corded. These analyses will furnish material for addtional reports. 


¥ 
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Manifest Pulmonary Tuberculosis, including roentgenologically demon- 
strable infiltrations regarded as of tuberculous origin and with symptoms or 
physical signs referable to the lesion, 

(a) adult type, 


(b) childhood type. 
2: Latent Apical Tuberculosis, including roentgenologically demonstrable 


lesions, but with neither symptoms nor physical signs referable to the lesion. 
3: Latent Tuberculous Pulmonary Infiltration of Childhood Type, including 
nonapical infiltrations in the parenchyma of the lung. 

4: Tuberculosis of Tracheobronchial Lymph Nodes, including either enlarged 


caseous or calcified lymph nodes. 
5: Pulmonary Nodule, referring to calcified lesion in the parenchyma of the 


lung. 


The 556 persons are grouped according to the above classification as 
follows: 


1: Examined in clinic, showing 


pe 13 
(c) Latent pulmonary infiltration of childhood type. . 19 
(d) Tuberculosis of tracheobronchial lymph nodes (etter cs caseous or 
(e) Pulmonary nodule (no other lesion).....................000 32 


* Three cases, sputum positive; 4 cases, sputum negative; 8 cases, sputum undetermined. 


It will be observed that, of the 550 persons examined, 15 were classed 
as having manifest tuberculosis, and 16 were regarded as having latent 
apical tuberculosis. These were all cases of pulmonary tuberculosis, 
there being no instance of recognized extrapulmonary disease except in 
association with pulmonary involvement. 

For the cases of manifest and latent apical tuberculosis, a summary of 
items of evidence upon which the diagnosis of each case is based is shown 
in appendix table III. 

Evidence of moderate to extensive fibrosis was found on X-ray exami- 
nation of 6 of the 15 manifest cases; while 5 of the 16 latent apical cases 
showed lesser amounts of fibrosis, making a total of 11, or slightly over 


at 
y 
| 
& 
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35 per cent of the total group of cases, and thus indicating a somewhat 
greater tendency to chronic disease than is generally considered to be 
usual in the Negro. 

It is of interest that, of the 15 persons classed as having manifest 
tuberculosis, only 5 had been previously reported to the local health 
department; only 3, at the time of examination, were suffering any 
material disability from the disease; ten gave a history of symptoms 
during the past, probably due to tuberculosis; and 2 not only were in 
seemingly good health when examined, but denied any history of past 
illness suggestive of tuberculosis. 

The prevalence of the disease in persons classified according to age at 
the time of examination is shown in table 4. 


TABLE 4 


Prevalence of tuberculosis in 550 Negroes classified according to age at time of examination 


NUMBER OF CASES OF TUBERCULOSIS | CASES PER 100 
AGE AT TIME NUMBER OF | 
OF EXAMINA- PERSONS j — 
EXAMINED | yganifest | Katent Total | Manifest | | Total 
0-9 23 | 1 | o | 4 |] 0. | — | 08 
10-19 | 3 a | 4 | 23 | 07 3 
20-39 | 28 | 4 | 10 14 19 | 48 | 67 
40+ | 87 | 7 | 5 12 80 | 58 | 13.8 
Total...) 550 | 15 | =| 2.9 5.6 


} 


The total prevalence of tuberculosis is 5.6 per cent, and of manifest 
disease 2.7 per cent. The prevalence of disease by age increases regu- 
larly from slightly less than 1 per cent at ages under 10, to almost 14 per 
cent at ages over 40. In the younger ages the incidence is made up 
mostly of manifest cases, more or less readily discoverable, and generally 
progressive in character; but, in the older ages, a large proportion of the 
cases are not regarded as progressive, have caused little or no disability, 
and would not be readily recognizable except on X-ray examination. 
Of the 5 cases under 20 years of age, 4 were of manifest tuberculosis, 
while only 11 of the 26 cases over 20 were regarded as manifest disease. 

Although the figures of prevalence in table 4 are believed to be con- 
servative, based upon reasonably definite evidence of tuberculosis, they 
obviously are not at all comparable to those based upon morbidity 
reports. 


= 
‘ 
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From an administrative point of view, the following facts are of 
special interest: 


(1) Slightly over 2 per cent of the population showed evidence of manifest 
tuberculosis, and, of these, only one-fifth, at the time of examination, suffered 
material disability from the disease. An additional 3 per cent of the population 
showed definite evidence of disease, classified in this report as latent apical 
tuberculosis. 

(2) The total prevalence of tuberculosis, including both manifest and latent 
apical cases, was 5.6 per cent. 

(3) The prevalence of the disease by age increases regularly, from slightly 
less than 1 per cent at ages under 10, to nearly 14 per cent at ages over 40. 
The disease in later life exhibits not only a fairly high prevalence, but also an 
unusual tendency to a chronic course. 

(4) One-third of the discovered manifest cases had been previously reported 
to the local health department, and an additional one-third were at the time of 
examination readily recognizable by means of careful inquiry and physical 
examination without the aid of the X-ray. The remaining one-third of the 
manifest and all of the latent apical cases were not recognizable, at the time, 
without special examination. 


Results of Tuberculin Tests 


In applying tuberculin tests, the intracutaneous method (Mantoux) 
was employed, using Old Tuberculin of a lot which had been tested for 
potency and standardized by Dr. Joseph D. Aronson at the Phipps 
Institute for the Study of Tuberculosis, Philadelphia. The initial test- 
dosage was 0.01 mgm.; the test was read after 48-96 hours and, if nega- 
tive, was followed by a second test, using 1.0 mgm. In every instance, 
when the first test was negative, it was repeated with the larger dosage. 

Of the 556 persons present in the households, 525 were tuberculin 
tested. The 31 persons not tested were over 15 years of age, so that, 
for the younger ages, the tests are complete. Results of the tests are 
shown in table 5. 

The proportion of persons with positive reaction increases quite 
regularly with increasing age up to age 35, and thereafter it remains at 
about 95 per cent. The only striking irregularity noted in the results is 
that, at ages 15-19, the proportion of positive reactions is lower than in 
the next lower age-group. Although this result is unexpected, the 
deviation is not altogether beyond the range of reasonably probable 
chance fluctuations and is perhaps to be interpreted in this light. This 
interpretation would seem further justified by the fact that. if one con- 
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TABLE 5 
Frequency of positive tuberculin reaction by age and sex in 525 Negroes, Kingsport, Tennessee, 
1930 
MALE FEMALE TOTAL PER CENT 
POSITIVE 
Positive Positive Positive 
Under 2 7 0} 0} 13 0} 0 0} 20 0} 0} 0.0} 0.0) 0.0 
2-4 17 2 3} 24 1) 4 5} 41 2} 6 8} 4.9/14.6)19.5 
5-9 31 1; 13 | 14 31 4/11; 15) 62 5} 24 | 29) 8.1/38.7/46.8 
10-14 36 8} 15 | 23) 22 8} 5 | 13) 58] 16) 20 | 
15-19 26 8| 16) 46] 16) 23) 72 | 24/15 | 39/33.3/20.8)54.1 
20-24 22; 12} 2; 14 28; 19) 24) 31) 7 38/62.0/14.0/76.0 
25-29 14 12} 1 13} 23 11; 8 19} 37 23 32/62 .2/24.3/86.5 
30-34 35 | 29) 2] 31) 30} 25) 2] 27) 65 | 54) 41] 58/83.1) 6.1/89.2 
35-39 17 | 14, 16) 23} 21; 2] 23) 35) 41] 39/87.5/10.0197.5 
40-49 18} 16; 2; 18) 23 | 18) 3] 21) 41 | 34, S| 39/82.9/12.2195.1 
50-59 17} 16) 0; 16 8 8| 0 8} 25 | 24) 24/96.0) 0.0:96.0 
60+ 10 8} 0 4 4; 0 41 14{ 12) 12/85.7) 0.0/85.7 
Total... .| 250 | 125) 47 | 275 | 135) 47 | 182) 525 | 260) 94 ssa 9167 


* Positive to 1.0 mgm. but negative to 0.01 mgm. 


siders only the results of tests with 0.01 mgm. of tuberculin, the irreg- 
ularity disappears. 

In table 6 the results of tuberculin tests in Negro children of school 
age in Kingsport are compared with the results of similar tests in white 
school-children in the city, also in Negro school-children in Gibson 
County, Tennessee (Aronson, 1931), and in Philadelphia (Opie, et al., 
1929). 

The tests in the three areas are quite comparable, since, in all of them, 
the same tuberculin was used and, so far as possible, technique and 
interpretation were identical. 


TABLE 6 
Results of tuberculin tests of school-children in various areas 


PERCENTAGE OF PERSONS WITH POSITIVE TUBERCULIN REACTION 
AGE Kingsport | Gibson County Philadelphia 
| 
White | Colored Colored Colored 
5-9 63.6 | 46.8 51.1 57.1 
10-14 72.8 62.1 | 67.4 79.9 
15-19 74.4 | 54.1 78.8 87.1 
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Considering the differences in concentration of population in the three 
areas, it is rather surprising that the differences in frequencies of positive 
reaction are no greater. Gibson County, which is essentially rural and 
contains no town as large as Kingsport, shows a slightly higher proportion 
of positives, but the differences are not outside the usual range of sampling 
error except in the age-group 15-19. The data for Philadelphia refer 
for the most part to the poorer and more congested areas of the city and, 
as would be expected, the proportions of positive reactors are higher than 
in Kingsport. It is quite surprising that in Kingsport the proportion of 
positives in white school-children is larger at every age than in Negroes. 
The difference at ages under 15 is about three times its standard error. 
Since the white children tested comprise a very large sample of the school 
population of the city, and were, so far as possible, entirely unselected, 
no explanation for the above noted difference has been found. 

It thus appears that the prevalence of tuberculous infection, as indi- 
cated by tuberculin tests in Negro school-children in Kingsport, though 
high, is lower than in white children in the same community, slightly 
lower than in Negro children of Gibson County, Tennessee, and con- 
siderably lower than in Negroes of certain areas in Philadelphia. 


Tuberculin Reaction in Relation to Household Contact with the Disease 


For each person included in the study, an attempt was made to 
obtain, as accurately as possible, a history as to present or past household 
association with previous cases of tuberculosis, with particulars as to 
the type of case, whether fatal or otherwise progressive, with which each 
person was associated. For younger persons, particularly those born in 
the present households, the history as regards contact is quite reliable, 
since practically all of their household associates were examined, and 
hence are of known status with respect to tuberculosis. For older people, 
who may have spent a considerable part of their lives outside their present 
households, the histories of contact are more uncertain. 

It is of interest that of the 525 persons tested, 145, or 27.6 per cent, 
gave a history of household contact with tuberculosis, and 107, or 20.4 
per cent, gave a history of contact with a manifest case.’ Failure to 
obtain a positive history of contact when it actually had existed doubt- 
less occurred more often than the opposite error of obtaining a positive 
history when no actual contact had existed; hence, the foregoing per- 
centages are perhaps too low. 


® Manifest cases include (a) living and regarded as manifest and (b) fatal cases. 


18 CRABTREE, HICKERSON AND HICKERSON 


Table 7 shows the frequency of positive tuberculin reactions in persons 
classed according to history of contact with tuberculosis, those with 
positive history being further classified with respect to the type of case 
with which they were associated. 

Table 7 shows a higher frequency of positive reactions in persons with 
history of contact with tuberculosis than in those with negative history. 
It would not be expected that the frequency of reactions in persons with 
history of contact with cases of latent apical tuberculosis would differ 
essentially from that in persons with no history of contact; but, when we 
consider only those who had been in contact with a manifest case, the 
percentage of positive reactions, particularly at ages under 20, is greatly 
increased. These observations are in agreement with those reported by 
Opie (1929), Korns (1931), Hart (1932), and others. 


TABLE 7 
Results of tuberculin tests (1.0 mgm. or less) of persons with history of (1) contact with a manifest 
case of tuberculosis, (2) contact with a case of latent apical tuberculosis, and (3) no known 
contact with tuberculosis 


HISTORY OF CONTACT WITH TUBERCULOSIS 
____] NO KNOWN CONTACT 
WITH TUBERCULOSIS 
AGE Manifest | Latent Apical Total 
Persons | Per Cent Persons | Per Cent | Persons | Per Cent Persons Per Cent 
Tested Positive Tested Positive Tested Positive Tested Positive 
0-4 6 33.3 7 14.3 13 | 20.4 48 10.4 
5-9 15 $3.3 7 28.6 22 45.5 40 47.4 
10-19 32 65.6 10 40.0 42 | 2.3 88 56.7 
20andover| 54 | 92.5 | 14 | 85.7 | 68 | 91.1 | 208 | 88.2 
Total......| 107 | 75.6 | 38 | 50.0 | 145 | 69.0 380 66.7 
| 


Relation of X-Ray Lesions to Other Evidence of Infection 


Of the 556 persons living and present in the households, 550 were 
examined, and of these 523 were tuberculin tested. Each examination 
included taking one or more flat films of the chest. In arriving at a final 
diagnosis, the clinicians of the study unit interpreted the X-ray findings 
in relation to all other pertinent evidence. However, before attempting 
interpretation, the appearances noted in the X-ray photograph were 
described as accurately as possible and without reference to the inter- 
pretation to be placed upon them. In this objective description, the 
clinicians noted the type and location of all abnormal shadows observed, 
which, for purposes of summary, may be classified as follows: 
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Frequency and location of lesions recorded on X-ray examination in persons classified according 


to age and tuberculin reaction 


Age 0-4 years 


TUBERCULIN POSITIVE 


TUBERCULIN NEGATIVE 


> 
E: 
B 
° 


base and other areas............... 


10 


51 


base and other areas............... 


number with neither calcification nor 


16 


Age 5-14 years 


| 
Number of persons examined............| 


number with calcification............. 
apex and other areas............... 2 
hilum and other areas.............. | 3 
base and other areas............... 


bo 


mn 


number with clouding................ 
apex and other areas............... 16 
hilum and other areas.............. 19 
base and other areas............... 


number with neither calcification nor 


12 
12 


Co 


26 


* One person with tuberculosis. 
t Two persons with tuberculosis. 


| 
Number of persons examined............ | | | a | | | 
number with calcification.............. | ; 1 1 
apex and other aveas............... 0 0 
1 
hilum and other areas.............. 0 0 
0 0 
number with clouding................ | | 
apex and other areas... 2 
| 4 | 8 | 
1 7 | 
|o; | | 0 
| 3 
| | | | 
| | | 
| 16* | | | 
| 
| | 0 
| 6 
| 6 | 
| | | | | 2 
| | 40t | | = 
| | 1 
| 
| i | 
| | 
Fol | 
| | 11 | 
| | | 
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TABLE 8—Con-luded 
Age 15-29 years 


CRABTREE, HICKERSON AND HICKERSON 


TUBERCULIN POSITIVE 


TUBERCULIN NEGATIVE 


Number of persons examined............ 


110* 


number with calcification............. 
apex and other areas............... 
hilum and other areas.............. 
ad 
base and other areas............... 


33 


19 


number with clouding................ 
apex and other areas............... 
hilum and other areas.............. 


base and other areas.......... 


43* 


wun 


16 


number with neither calcification nor 


* Eight persons with tuberculosis. 
+ Two persons with tuberculosis. 


Age 30 years and over 


Number persons examined.............. 


number with calcification............. 
apex and other areas............... 


hilum and other areas.............. 


base and other areas............... 


on 


| 
} 
| 
} 
| 


9 
11 


~ 


number with clouding................ 
apex and other areas............... 
hilum and other areas.............. 
base and other areas............... 


76* 
51 
10 


to 


number with neither calcification nor 


* Twenty-one persons with tuberculosis. 


¢ Seven persons with tuberculosis. 


=| TU Te 
2 | 1 
| 2 0 
| 3 
6 3 
4 | 2 
> | | | | 0 | 
| 9 | | | 4 | 
| | | | 
| | 1 | | 
| 
| 
1 
| 0 
8 | | 1 | 
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(1) Calcification, signifying dense shadows identified by the clinicians as due 
to calcium deposits, which are further described with respect to size and loca- 
tion (in the hilum region, base or apex). In accordance with prevailing views, 
these are assumed to indicate healed lesions of tuberculous origin. 

(2) “Clouding,” which signifies any so-called “soft density” except shadows 
identified as due to peribronchial or pleural thickening.* In the original 
records, these are described in detail, usually with an expression of opinion as to 
their significance, especially whether or not they are regarded as probably 
indicating tuberculous lesions. However, in the summaries which will be 
given here, no such distinction is made, all areas of clouding being recorded 
with no description beyond a statement of location (in hilum, apex or base), 
and with no attempt to differentiate between lesions with respect to severity 
or probable causation. 


Data thus recorded serve for a study of the association of the two 
classes of lesions with other evidences of tuberculous infection, especially 
positive tuberculin reaction. The frequencies of the above indicated 
lesions in relation to age and tuberculin reaction are presented in table 8 
and summarized in table 9, which shows the frequency of lesions, irre- 
spective of location, in persons classed according to age and tuberculin 


reaction. 
TABLE 9 
Frequency of lesions recorded on X-ray examination in persons classed according to age and 
tuberculin reaction 


PERCENTAGE OF PERSONS 
NUMBER OF 
PERSONS 
Calcification Clouding No Lesion 

Age 0-4 

postive. 10 10.0 70.0 30.0 

Age 5-14 

Tubesculin positive... 65 24.6 61.5 18.4 

Age 15-29 

48 16.7 33.3 54.0 
Age 30 and over 

171 30.4 44.5 36.9 

Tuberculin negative..................-. 13 53.8 15.4 23.0 
All ages 

Tuberculin positive................. "aP 356 28.6 | 46.6 28.0 

newative. | 167 12.6 35.9 


° These were noted in the original records, but are not included in the summaries here 
given. 
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Since calcifications of the kind noted in these records are usually inter- 
preted as indicative of healed tuberculous lesions, it is of interest to note 
that 17.5 per cent of the individuals aged 5-14 and 30 per cent of al] 
persons of higher ages show these lesions. At ages under 5, the number 
of persons with positive tuberculin reaction is obviously too small for a 
significant comparison with the negative reactors; but, at ages 5-14, 
calcifications are more than two and one-half times as frequent in persons 
with positive as in those with negative reaction; at ages 15-29, these 
lesions are almost twice as frequent in positive as in negative reactors; in 
the higher ages, the number of persons with negative tuberculin reaction 
is too small for reliable comparison with the positive reactors, but ap- 
parently the difference in frequency of lesions tends to disappear. 

Clouding is more than twice as frequent at ages 0-4 in persons with 
positive than in those with negative reaction; at ages 5-14, it is about 
one and one-half times more frequent; but, beyond age 15, there appears 
to be no association with reaction to tuberculin, especially if we exclude 
from the group of positive reactors the persons with tuberculosis. 

The most consistent difference between the tuberculin positive and 
negative reactors is in the proportion of persons showing neither calcifi- 
cation nor clouding, designated in table 9 as showing “no lesion.” At 
ages under 5, this negative finding is more than twice; at ages 5-14, 
more than 3 times; and at ages 15-29, almost twice as frequent in persons 
with negative as in those with positive tuberculin reaction. 

Although these ratios are fairly high, the numbers on which they are 
based are not large, and, at ages over 15, and, more especially at ages 
over 30, the association between tuberculin reaction and X-ray lesions 
as above defined is not very strong. The association becomes less 
significant when, for the higher ages, cases of tuberculosis are excluded 
from the tabulations. 

It is of interest that slightly over 17 per cent of persons over 4 years of 
age with negative tuberculin reaction showed lesions regarded as due to 
calcium deposits. 


The Total Prevalence of Demonstrated Tuberculous Infection in Various 
Grades of Severity 


If a positive reaction to tuberculin may be accepted as evidence of 
infection with the tubercle bacillus, and if the calcified areas shown in 
the hilum region and in the parenchyma of the lung on X-ray examina- 
tion may be interpreted as healed (or partly healed) tuberculous lesions, 


we 
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then, on the basis of the various examinations made (clinical history, 
tuberculin test, and physical and X-ray examination), the persons thus 
examined may be classified as follows with respect to the evidence of 


tuberculous infection in varying grades of severity: 


1: Showing evidence of tuberculosis by history, physical examina- 
tion and X-ray, 


2: Showing evidence of tuberculous infection without clinical 
tuberculosis, 
(a) positive tuberculin 
(b) negative tuberculin reaction but calcified lesions on X-ray 
(c) no tuberculin test but calcified lesions on X-ray......... 


3: Showing no evidence of tuberculous infection; negative tuber- 
culin reaction and no X-ray lesion... 


323 


Number 


150 


Per cent 


wn 
co 


28.2 


100.0 


*Seventeen additional persons showed no X-ray lesion but were not tuberculin tested; 


hence are not included in the tabulation. 


In table 10 the data shown above are rearranged to show the respective 
frequencies, at successive ages, of tuberculous disease, tuberculous 
infection and apparent freedom from infection, on the basis of the classi- 


fication above indicated. 


TABLE 10 


Prevalence of tuberculosis and tuberculous infection, by age, in 533 Negroes in Kingsport, 


Tennessee, 1930 


NUMBER OF PERSONS WITH | 
| 


| 
| 
| 
NUMBER OF | 
| 


PERCENTAGE OF PERSONS 


(3) | (1) 


AGE PERSONS (1) (2) | A 
Apical (exclusive | Tuberculous Apical 
Tuberculosis of (1) ) Infection {Tuberculosis 

0-4 61 0 il 50 0.0 
5-9 62 1 28 33 1.6 
10-19 128 3 78 47 2.3 
20-29 91 6 72 13 6.6 
30-39 108 9 93 6 8.3 
40-49 42 6 35 1 14.3 
50+ 41 6 35 0 14.6 
Total 533 31 352 150 5.8 


(2) (3) 
Tuberculous} No Evi- 
Infection dence of 
(exclusive |Tuberculous 
of (1) ) Infection 
18.0 82.0 
45.1 53.3 
61.0 36.7 
79.1 14.3 
86.1 5.6 
83.3 2.4 
85.4 0.0 
66.0 28.2 


| 
pr- 
te 
all 
er 
a 
4 
ns — 
In 
n 
= 
21 
h 8 352 66.0 
it 
e 
d 
t 
| 
| 
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Interpretation of the summaries presented in the foregoing tables 
depends largely upon the significance attached to the tuberculin reaction 
the confidence placed in the identification of calcified areas from flat 
X-ray films, and the assurance that they are pathognomonic of tuber. 
culous lesions. These are questions upon which authorities differ; and, 
in view of this disagreement, it is preferable to consider the above tables 
merely as summaries of observations, without insistence upon their inter- 
pretation. However, if the usual interpretations are accepted, the data 
indicate that tuberculous infection is nearly universal by the end of the 
third decade, and that, as age advances, a progressively larger proportion 
of the infections come into the zone of tuberculosis disease. Table 10 
shows that, at ages under 20, the ratio of subclinical infections to clinical 
tuberculosis is 29 to 1, and at ages over 30 it is 8 to 1. 


SUMMARY 


1. In Sullivan County, as in Tennessee generally, mortality rates from 
tuberculosis are excessive in both the white and colored races. This 
excess is unusually concentrated in late middle life and old age, especially 
in white females, to a lesser extent in white males, and to a certain extent 
in Negroes. At every age the death-rate in white females exceeds that in 


white males. 
2. A study has been made of the morbidity and mortality from tuber- 


culosis in 132 Negro families in Kingsport, consisting, at the time of 
investigation, of 556 persons, which comprise substantially the entire 
Negro population of the community, and also including 238 former 
members of the households not present at the time of examination. The 
family study included an investigation of the social, economic and 
hygienic status of the household as a unit, and a detailed study of each 
individual, including inquiry as to environmental, occupational and 
economic circumstances; household association with cases of tuberculo- 
sis; history of tuberculosis in parents; and other circumstances likely to 
be related to the development of tuberculosis. For persons present in the 
households, the study also involved tuberculin testing and medical 
examination, including clinical history, physical examination and roent- 
genological examination of the chest, with bacteriological examination 
of the sputum in certain instances. For former members of the house- 
holds inquiry was made as to history of tuberculosis, status (whether 
living or dead) when removed from household, with particulars as to age. 
The records are unique in that they not only refer to an entirely un- 
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selected group comprising substantially the entire population, but also 
are unusually complete, in that all but 6 of the 556 persons were more or 
less completely examined. 

3. Two per cent of the population examined was discovered to have 
manifest tuberculosis; an additional 3 per cent showed evidence of disease 
classed as latent apical, making a total prevalence of 5.6 per cent. The 
prevalence of the disease was found to increase quite regularly with 
advancing age, from a rate of slightly less than 1 per cent at ages under 
10 to nearly 14 per cent at ages over 40. The disease in late life exhibited 
not only a high prevalence, but also an unusual tendency to a chronic 
course. Of the 15 persons regarded as having manifest tuberculosis, only 
3, at the time of examination, were suffering any material disability from 
the disease. One-third of the discovered manifest cases had been pre- 
viously reported to the local health department; an additional one-third 
were, at the time of examination, readily recognizable on careful inquiry 
and physical examination. The remaining one-third of the manifest and 
all of the latent apical cases were probably not recognizable, at the time, 
without special examination. All of the cases discovered were pulmonary 
tuberculosis, there being no instance of recognized extrapulmonary 
disease except in association with pulmonary involvement. 

4. The prevalence of tuberculous infection, as indicated by the results 
of tuberculin tests, is high in Negroes of school age in Kingsport, but lower 
than in white children in the same community, slightly lower than in 
Negroes in Gibson County, Tennessee, and considerably lower than in 
Negroes in certain areas in Philadelphia. A positive tuberculin re- 
action is considerably more frequent in persons who have been in close 
association with manifest cases of tuberculosis. 

5. X-ray lesions in the lung, interpreted as either calcifications or 
“clouding,” the latter signifying any so-called “soft density,” except 
shadows identified as due to either peribronchial thickening or thickened 
pleura, are more frequently seen, in early life, in persons with positive 
tuberculin reaction than in those with negative reaction, but with 
advancing age the association of minor lesions shown by X-ray with 
tuberculin reaction tends to disappear. Nearly one-fifth of the persons 
over 5 years of age, and with negative tuberculin reaction, show shadows, 
either in the hilum or parenchyma of the lung, interpreted as calcified 
lesions, presumably tuberculous. 

6. Interpreting as evidence of tuberculous infection either positive 
tuberculin reaction or areas of calcification noted on X-ray photographs, 
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tuberculous infection in the population studied is nearly universal by the 
end of the third decade, and, as age advances, a progressively larger pro- 
portion of infections come into the class of clinical tuberculosis. 

7. Analysis of data collected in the study, but not included in this 
report, has been made and will furnish material for future reports. 
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APPENDIX 
TABLE I 


Population estimates of Sullivan County, by sex and color, 1917 through 1930. Based on U. S. 
Census reports, 1910, 1920 and 1930 


WHITE COLORED 


Female Female 


16,028 834 
16,423 839 
16,819 845 
17,214 850 
17,972 856 
18,730 862 
19,489 869 
20,247 875 
21,005 881 
21,763 887 
22,521 893 
23,280 900 
24,038 906 
24,796 912 


~ 
a 


| 
~ on 
| 


| 
| Male | | Total 

1917 | 16,145 | | 1,644 . 
1918 | 16,548 | | 1,659 
1919 | 16,951 | 1,676 
1920 | 17,354 | 1,691 
1921 | 18,068 | | 1,702 
1922 | 18,782 | | 1,712 
1923 | 19,495 | | 1,724 
1924 | 20,209 |  —_ 
1925 | 20,923 | 
1926 | 21,637 | 
1927 | 22,351 | 
1928 | 23,064 | 
1929 | 23,778 | 

1930 24,492 | 
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TABLE Ii 


Deaths from tuberculosis, by sex and color, in Sullivan County, 1917-1930 


27 


YEARS | 


1917 
1918 
1919 
1920 
1921 
1922 


1923 | 


1924 
1925 
1926 
1927 
1928 
1929 
1930 


NUMBER OF DEATHS 


DEATH RATE PER 100,000 


White 


Colored White Colored 

Male Female | Total | Male | Female | Total | Male | Female | Total | Male | Female] Total 
25 | 29 54 — 1 1 155 | 180 168 | — 120 61 
18 | 13 31 2 7 9 108 79 94 | 244] 835 540 
6 23 29 2 4 6 go | i3a7 86 | 240 | 474 | 358 
16 | 20 36 1 — 1 92 | 116 104 | 119 _ 59 
17 23 40 2 2 4 94 | 128 111 | 236 | 233 235 
6 21 27 | 2 5 32} 112 72 | 350 | 231 292 
13 22 35 — 1 1 67 | 113 90 | — 115 58 
14 23 37 1 2 3 69 | 114 91 | 117 | 228 173 
9 21 30 — 1 1 43 | 100 72 _ 114 57 
i 17 28 1 2 a $2 78 65 | 116 | 226 171 
19 29 48 1 4 5 86 | 129 107 | 114} 448 283 
14 15 29 2 1 3 61 65 62 | 228 | 111 169 
13 23 36 — 1 1 56 96 75 —_ 110 56 
14 24 38 3 2 5 58 97 76 | 338 | 220 | 278 
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